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I. INTRODUCTION 
The practice of supplying nutrients to plants through 
their leaves is not new. However, in the past, most foliar 
spraying was done to correct nutrient deficiencies (especially 
micronutrients) in fruit and vegetable crops. In most cases, 
foliar fertilization on soybeans was considered no more ef­
fective than soil-applied fertilizer (Mederski and Volk, 1956). 
Sinclair and de Wit (1975) hypothesized that soybeans had 
a "self-destructive" mechanism whereby the loss of nitrogen 
from the vegetative plant could reduce physiological activity 
and ultimately result in senescence. This "self-destructive" 
characteristic could limit the length of the seed development 
period and thereby place a potential limit on total seed pro­
duction. The main source of variability in seed yield is the 
duration of the seed development period. Sinclair and de Wit 
(1976) stated that either an increase in the nitrogen supply 
rate from roots or an increase in stored nitrogen within the 
vegetative plant lengthens the seed development period and 
increases seed yields. It would seem logical to extrapolate 
their findings on nitrogen to other essential nutrients that 
may be in short supply during the seed development period. 
Garcia and Hanway (1976) applied a foliar solution con­
taining 96,9.6, 28.8,4.8 kg/ha of N, P, K and S, respectively, 
in four equal increments during the seed-filling period. They 
supplied these nutrients through the leaves in an effort to 
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increase their supply in vegetative parts and slow down the 
"self-destructive" mechanism of the soybean, extending the 
seed-filling period. They attributed most of the yield in­
crease (1570 kg/ha) to additional seeds harvested. Vasilas 
et al, (1980) also obtained yield increases of soybeans by 
this foliar fertilization practice. 
Since the foliar solution Garcia and Hanway used in­
creased soybean yields, research continued on ways to increase 
the effectiveness of this solution. The effectiveness of a 
foliar nutrient solution can be enhanced either by raising 
the rate of absorption through leaves or by increasing the 
mobility of the absorbed nutrients (Wittwer and Bukovac, 1969). 
One way to increase the effectiveness of a nutrient may 
be to change the pH of the solution. When several nutrients 
(each with a different optimum pH value for absorption) are 
combined in one solution, the optimum pH for the solution may 
differ from that of any of the individual nutrients. Also, 
the availability of one nutrient may be affected by a small 
change in pH, while other nutrients may be available over a 
wide range of pH values. 
A second aspect related to solution pH is the pH of the 
leaf surface. Water on the leaf surface dissolves CO^ from 
the air to form carbonic acid. The carbonic acid dissociates 
and the hydrogen ions exchange with cations on the cuticle 
exchange sites to form alkaline carbonates which can precipi­
tate onto the leaf surface (Tukey et al., 1965). They 
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reported that bicarbonate appears to be the principal anion 
found in leachates from leaves. Greendale and Nye (1964) 
reported bicarbonates as the primary anion in leachates from 
tropical trees. Mecklenburg et al. (1966) reported carbonates 
on leaves of chrysanthemums and noted that water in contact 
with leaves contained alkaline salts. Kubichek (1976) stated 
that the appearance of salts on the surface of leaves is 
associated with an active process of salt excretion by guard 
cells. Therefore, an alkaline surface on soybeans could alter 
the pH of the foliar solution as it contacted the leaf surface. 
A third reason to be interested in the pH of the nutrient 
solution may be ammonia toxicity. Urea (which was the source 
of nitrogen in the solution) is hydrolyzed in the presence of 
water by the enzyme urease to form ammonia and COg* The more 
rapid the hydrolysis, the greater the uptake of ammonia and 
the more severe the leaf scorching due to ammonia toxicity 
(Wittwer, 1964). Vines and Wedding (1961) report that the pH 
level was important in ammonia toxicity to the extent that it 
controlled the undissociated NH^ concentration. They con­
cluded that the undissociated NH^ molecule, not the ammonium 
ion, causes leaf burn. Therefore, it is possible that the 
effects of the pH of the nutrient solution and the alkaline 
nature of leaf surfaces may affect ammonia toxicity (leaf 
burn). 
The objectives of the research presented in this thesis 
are: 
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1. To determine what effect a foliar nutrient solution 
applied at various pH levels will have on the yield 
of soybeans. 
2. To determine if plant height, beans per pod, pods 
per plant and lOO bean weight are affected by the pH 
of the nutrient solution. 
3. To determine an "optimum" pH for the nutrient 
solution. 
4. To determine if the N, P and K content of soybean 
leaves, stems, petioles, pods and seeds are affected 
by applying the foliar N, P, K and S solution at 
various pH levels. 
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II. LITERATURE REVIEW 
Researchers have published many papers and reviews on 
the topic of foliar absorption of mineral nutrients. Sargent 
and Blackman (1962), Koontz and Biddulph (1957), Currier and 
Dybing (1959), Franke (1961, 1967), Wittwer and Teubner (1959), 
Boynton (1954), Wittwer (1964), Wittwer et al. (1965), and 
Wittwer and Bukovac (1969) have all published papers and re­
views on this subject. Therefore, this review of literature 
will concentrate on two areas: first, the effect of nutrient 
solution pH on internal cell pH and growth, and second, the 
effect of solution pH on the absorption of N, P, K and S. 
A, The Effect of Solution pH on the 
pH of Plants and Cells 
Most of the literature reports that pH of nutrient solu­
tions has a minimal effect on growth or internal cell pH. 
Anker (1958) concluded there is little difference in the 
growth rate of Avena coleoptiles when the pH of the medium is 
lowered from 7.8 to 3.8. These results agree with Albaum 
et al. (1937) who found that between pH values 4 and 7 
changes in the hydrogen ion concentration of the external 
medium produced no significant changes in the pH of the con­
tents of Nitella cells. They also reported that the pH of 
the cell contents in this external pH range remained fairly 
constant at 5,2. 
Arnon and Johnson (1942) and Arnon et al, (1942) 
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expressed sap from leaves and stems of tomatoes, lettuce and 
bermudagrass grown in solutions where pH ranged from 3 to 9. 
They found that the pH of the plant sap was relatively unaf­
fected by shifts in the pH of the nutrient medium. Thompson 
et al. (1977) concluded that varying the initial pH of the 
medium between 4,5 and 5,0 did not affect growth or protein 
increase of incubated soya bean cotyledons. Since the buffer­
ing capacity of the cells exceeds that of the spray droplets, 
the pH of the original solution has little effect on the pH of 
the cells concluded many researchers (Irwin, 1930; Parrish 
and Davies, 1977; Vanderhoef. et al., 1977; Smith and Raven, 
1976; Simon et al. 1952). 
If the pH of the nutrient solution is too low, it can be 
toxic to plants. Koontz and Biddulph (1957) reported necrosis 
at the spot of application when a solution at pH 2.0 was 
sprayed on kidney bean leaves. Albaum et al. (1937) reported 
that a solution pH of 2.8 was toxic to Nitella cells even 
during short exposure periods. 
Raven and Smith (1978) and Smith and Raven (1979) re­
ported that intracellular pH levels change little and that 
cytoplasmic pH is relatively insensitive to external pH 
changes. They also found the cytoplasmic pH of Chara 
corallina was 7.8, compared to 7.0 for the bathing solution. 
Additionally, they reported general vacuolar pH values fell 
within the range of 5 to 6 and the pH of phloem exudates 
(which appear to be cytoplasmic in nature) range from 7.0 to 
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8.5, with most species at about 8.0. 
Rogers and Shive (1932) reported pH values for various 
tissues of a soybean stem cross section. They listed pH's as 
follows: xylem (vessels) 5.0-4.6; xylem (parenchyma) 6,6-6,2; 
sclerenchyma 5.0-4.6; phloem 7.4-6.8; cortex 7.0-6.6; and 
pith 7.2-6.6. They also measured the pH of soybean plant 
tissue fluids at lO a.m., 2 p.m., 6 p.m., lO p.m., 2 a.m., 
and 6 a.m. and found pH values of 6.086, 5.934, 6.103, 6,091, 
and 5.833, respectively. Garner et al. (1924) reported that 
the pH of the sap of the young topmost leaves of Biloxi soy­
beans remained close to 6.50 from the earliest growth stage to 
the approach of flowering when the pH decreased to 5,97. 
Wittwer and Teubner (1959) found that with acid sub­
stances, sorptive capacities of cuticles decrease markedly 
from pH 1 to 7, but increase for basic substances from pH 3 
to 9. Other researchers report similar results (Currier and 
Dybing, 1959; Sargent and Blackman, 1962; Darlington and 
Cirulis, 1963). Ulrich (1942) found that when cations are 
absorbed in excess of anions, root cells of barley tend to 
compensate for the potential increase in alkalinity by forming 
organic acids. Hiatt (1967) also noted these changes in cell 
sap pH. 
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B. The Effect of Solution pH on the Absorption 
of N, P, K and S 
1. Nitrogen 
Urea is the form of nitrogen used in most foliar solu­
tions. Urea is absorbed, translocated and metabolized faster 
than other foliar nutrients. It is used because it penetrates 
the cuticle 10 to 20 times faster than inorganic ions (Yamada 
et al., 1966). They also reported urea greatly enhances 
penetration of other cations and anions. Wittwer (1964) re­
ported that half the urea sprayed on leaves was absorbed in 
one-half to two hours. Freiberg and Payne (1957) found that 
bananas grown in humid conditions absorbed 65% of labeled urea 
within 25 minutes. Under dry conditions, they found 62% of 
the urea was absorbed within 24 hours. 
Leaf burn due to ammonia toxicity is a problem associated 
with urea. The enzyme urease hydrolyzes urea to form ammonia 
and carbon dioxide. Vines and Wedding (1960) indicated that 
the toxicity results from reactions of ammonia inside the 
cells and that the primary effect of a high solution pH, 
which increases damage to plants, is due to an increase in the 
amount of ammonia entering the cell. Therefore, it may be 
possible to lower the pH of the nutrient solution, control 
the amount of undissociated ammonia and thus decrease leaf 
burn. 
Lahav et al. (1976) found with Calland soybeans that the 
dissociation of urea into ammonia and carbon dioxide, and sub­
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sequent incorporation of ammonium, resulted in a relatively 
small change in solution pH. They also reported that control 
of solution pH depends largely on the buffering capacity of 
phosphate ions in solution. Harper and Nicholas (1976) 
grew soybeans in nutrient solutions with urea as the source 
of N and found an optimum pH range between 5.2 and 7.0 for 
nodule mass and fixation. 
2. ,Phosphorus 
Phosphate is absorbed through leaves more slowly than 
cations or urea. It requires five to ten days for one-half 
the phosphorus on leaves to be absorbed (Koontz and Biddulph, 
1957; Wittwer, 1964). Urea in the solution can enhance phos­
phate penetration through cuticular membranes (Okuda et al., 
1960; Yamada et al., 1965). Marshall and Wardlaw (1973) 
found that phosphate movement from leaves to seeds is largely 
determined by the movement and demand for carbohydrates. 
Several researchers have reported that phosphorus absorp­
tion is greater for younger, immature leaves than for older, 
mature leaves; and that older leaves translocate phosphorus 
more readily than do young leaves (Fisher and Walker, 1955; 
Koontz and Biddulph, 1957; Ahlgren and Sudia, 1964). Koontz 
and Biddulph (1957) also reported the amount of phosphorus 
translocated parallels the moisture retention of the material 
and is directly related to the solution's drying time on the 
leaf. 
Many different phosphorus compounds have been used in an 
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effort to determine the optimum pH of the solution. Some 
researchers have stated that a solution pH of 2 to 3.7 pro­
duces the best absorption of phosphorus (Bukovac and Wittwer, 
1957; Wittwer and Teubner, 1959} Wittwer and Bukovac, 1969; 
Jyung and Wittwer, 1964). However, Okuda et al. (1960) ap­
plied ammonium phosphoric acid at pH levels of 2.6, 3.6, 5.6, 
and 6.2 and reported maximum foliar absorption of P at pH 2.6 
and 5.6-6.2. This appears to agree with Arnon et al. (1942) 
who grew lettuce, tomatoes and bermudagrass at pH levels 3 
to 9 and reported distinct phosphorus absorption minima at 
pH 3 and 9. Barel and Black (1979) applied orthopolyphosphate 
to soybean leaves at pH 2, 4, 5.5, 7, 8.5, and lO. They ob­
served more burn at pH 2 than at pH lO, which agrees with 
Swanson and Whitney (1953) who found that phosphate applied 
at pH 3.0 caused leaf burn. The literature seems to suggest 
that a more acidic solution provides better nutrient penetra­
tion if leaf burn can be avoided. 
3. Potassium 
Potassium is one of the most mobile plant nutrients. 
Only urea will penetrate leaf cuticular surfaces faster. 
The rate of penetration of monovalent cations through 
Euonvmous leaves is inversely correlated with the size of the 
hydrated ion (Wittwer et al., 1965). In 10 to 24 hours, one-
half the potassium sprayed on leaves can be absorbed (Wittwer, 
1964). Other researchers (Bukovac and Wittwer, 1957; Swanson 
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and Whitney, 1953) have observed similar potassium absorption 
times. 
Potassium absorption is greater when the solution pH is 
slightly acidic to slightly alkaline. Tomatoes, lettuce and 
bermudagrass were grown in the greenhouse at several pH 
levels (Arnon et al., 1942; Arnon and Johnson, 1942). They 
reported that between pH 5 and 9, potassium absorption was not 
affected by hydrogen ion concentration. They recorded an 
optimal external solution pH of about 5, and also found a 
sharp decrease in potassium absorption below pH 4 by tomatoes 
and lettuce. Labeled potassium citrate applied to bean leaves 
at pH 8-9 had the most rapid uptake of potassium (Wittwer, 
1964). The potassium absorption is optimum in the pH range 
of 5 to 9 as reported by other researchers (Jacobson et al., 
1971; Wittwer and Teubner, 1959; Bukovac and Wittwer, 1957). 
4. Sulfur 
The absorption of sulfur through leaves is slower than 
urea but faster than phosphorus. Wittwer (1964) reported that 
one-half the sulfur sprayed on leaves could be absorbed in one 
to two days. Biddulph et al. (1958) showed evidence that sul­
fur was freely mobile in the phloem of red kidney bean plants 
and it moves at rates comparable to other mobile substances. 
Currier and Dybing (1959) reported that both the stomata and 
cuticle may be involved as the entry site of foliar H^SO^. 
Stomatal entry is rapid, while cuticular entry is low and 
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continuous• 
The absorption of sulfur occurs over a wide range of pH 
values. Franke (1967) stated that the penetration of SO" 
was neither favored nor reduced by addition of glucose or 
sucrose to the solution. Bukovac and Wittwer (1957) used red 
kidney beans to determine that 3.0 was the most favorable pH 
for sulfate penetration. However, Wittwer and Teubner (1959) 
reported that the solution pH had little effect on sulfur up­
take. Biddulph et al. (1956) reported no significant varia­
tion in the absorption or translocation of sulfur over the pH 
range of 4 to 7 for kidney beans grown in nutrient solution. 
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III. EFFECT OF FOLIAR FERTILIZATION AT THREE DIFFERENT 
pH LEVELS ON SOYBEAN YIELDS, 1977 EXPERIMENT 
A. Methods and Materials 
In 1977, an experiment was conducted to determine the 
effect of a foliar fertilizer solution, at three different 
pH levels, on soybean yield, beans per pod, pods per plant, 
plant height, and 100-bean weight. The research was conducted 
at the Bruner Farm of the Iowa State University Agronomy and 
Agricultural Engineering Research Center, Ames, Iowa. 
The soil at this location is a Nicollet-Webster complex. 
The somewhat poorly drained Nicollet loam is classified as an 
Aquic Hapludoll and the poorly drained Webster silty clay loam 
as a Typic Haplaquoll. A corn-soybean rotation is used in 
this area and the previous corn crop was fertilized with 200 
kg of N/ha. A blanket application equivalent to 224 kg/ha of 
PgOg and 224 kg/ha of K^O was plowed down in the fall of 1975. 
On May 11, Harcor soybeans were planted in 35 cm rows at 
a rate of about 14 seeds/meter. A split-plot randomized' block 
design was used where the main plots consisted of different 
foliar materials. The subplot treatments were the different 
plant samplings taken during the reproductive growth period. 
The experiment had four replications. The foliar fertilizer 
solution was applied to an experimental plot measuring 1.75 
meters (5 rows) by 9.2 meters (30 ft). Each plot was divided 
into five sampling areas. Four areas, each measuring 1.75 x 
14 
1.52 meters, were sampled during the reproductive growth 
stages. The fifth area, 1.75 x 3.05 meters, was used for the 
harvest sample. On June 20, cheesecloth nets (35 cm x 3.05 m) 
were installed between rows 2 and 3 of the harvest sample 
area of each plot to catch the abscised plant material, pri­
marily leaves and petioles. 
Weeds were controlled by preplant incorporation of 7.1 
liters of Lasso/acre, two mechanical cultivations and hand 
weeding. 
Table 1 lists the four treatments used in this research» 
a water check (treatment l) and three NPKS fertilizer solu­
tions (treatments 2, 3 and 4) with the pH adjusted to 7.2, 
5.3, and 2.7, respectively. Treatments 2, 3, and 4 were 
applied four times at a rate of 22.4 + 2.24 + 6.7 + 1.12 
kg/ha of N, P, K, and S, respectively. 
Table 2 lists the source of N, P, K, and S and the com­
position of the nutrient solutions. Urea was the main source 
of nitrogen; however, treatments 3 and 4 included a small 
amount of nitrate from the KNO^. All phosphorus was supplied 
by K-polyphosphate. Potassium sulfate, potassium nitrate, 
and K-polyphosphate all contributed potassium to the solution. 
Sulfur in solution was derived from potassium sulfate and 
sulfuric acid. The sulfuric acid was also used to lower the 
pH of treatments 3 and 4 to pH 5.3 and 2.7, respectively. 
The solutions were applied using a portable hand sprayer 
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with controlled air pressure of 2.8 kg/cm (40 psi). Before 
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Table 1. Treatments, number of applications, solution pH, 
and amount of nutrients applied in the foliar 
solutions, 1977 
Treat- appli- Solution Wrisflt rata pgr flppUcatlqn 
ment cations pH N P K S 
kg/ha 
14 - - - - -
2 4 7.2±0.2 22.4 2.24 6.73 1.12 
3 4 5.3±0.2 22.4 2.24 6.73 1.12 
4 4 2.7±0.2 22.4 2.24 6.73 1.12 
Table 2. Materials, elemental compositions, and amounts of 
nutrients in the foliar solutions, 1977 ' 
Amount of material 
in sQiqtion 
Elemental composition Treatments 
N P K S 1 2 3- 4 
.% g/1 
Urea 46 0 0 0 - 260.9 255.5 250.5 
K-poly- 0 11.3 20.7 0 — 109.1 109.1 109.1 
phosphate 
K2SO4 0 0 44.8 18.4 33.0 16.7 -
KNO3 13.9 0 38.7 0 - - 18.9 37.0 
H2SO4 0 0 0 32.7 - - 9.4 18.8 
Tween~80^ 
Source 
materials 
^Each liter of solution contained 10 ml of 1% Tween-80, 
16 
applying, the sprayers were calibrated to deliver the proper 
volume of solution at this pressure during a given time. 
Solutions were prepared so approximately 295 ml of the nutri­
ent solution per plot would contain N, P, K, and S equivalent 
to 22.4 + 2,24 + 6.73 + 1.12 kg/ha, respectively. The plots 
were sprayed between 6 and 9 p.m. to avoid peak afternoon 
plant stresses. 
The first foliar application took place August 5, when 
the soybean plants were at morphological stage R5,0, as de­
scribed by Fehr et al. (1971). Three additional sprayings 
followed on August 12, 19, and 30. The morphological stages 
of the soybeans on these dates were approximately R5.5, 6,0, 
and 6.5, respectively. 
Central Iowa experienced a drought during the spring and 
summer of 1977. Precipitation during May, June, and July 
was only 5.7, 3.2, and 5.4 cm, respectively. Irrigation water 
was applied through a solid-set sprinkler system to offset 
this deficit. The research plots were irrigated on May 19, 
June 8, 16, 22, and July 15 and 25 with 4.5, 5.7, 5,1, 5,1, 
5.7, and 5.1 cm of water, respectively. 
Thunderstorms on July 28 marked the end of the drought, 
but also caused some soybeans to lodge. On August 1, the 
soybeans were straightened and supported by placing nylon 
parachute lines on both sides of all rows in each plot. These 
nylon lines provided excellent supports for the soybeans and 
held them erect for the remainder of the season, even though 
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several other thunderstorms occurred in August. 
B. Plant Sampling and Analysis 
Before noon of each sampling date (August 5, 12, 19 and 
30), plants in one of the 1.75 m by 1.52 m areas were har­
vested. Plant samples were obtained by cutting, at ground 
level, plants in the three center rows (1.05 m) of each area 
for a length of 1.22 m. This produced a sampling area of 
2 1.28 m and also provided a 30 cm border for the plot. The 
sample contained too many plants to handle with available 
resources, so 10 plants were selected at random to form a 
subsample. The remaining plants (bulk sample) were placed in 
burlap bags to be dried later. The abscised plant material 
(fallen material) was also collected from the nets at this 
time. 
Plant heights and numbers of pods were determined for 
each of the 10 subsample plants. The 10 subsample plants were 
then separated into leaves, stems, petioles, and pods includ­
ing seeds. One composite sample was made for each plant part. 
All samples, including "fallen" and "bulk" samples, were dried 
at 60°c for a minimum of 48 hours. The seeds were separated 
from the pods by hand, and lOO-seed weights recorded for all 
samples. Dry weights were recorded for leaves, stems, peti­
oles, pods, seeds, fallen materials, and bulk samples for all 
plots. The dry weights of each plant part were used to cal­
culate its proportion of the lO-plant subsample. By applying 
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these percentages to the bulk samples and adding to these the 
subsample weights, the total weights of each plant part could 
be calculated for the sampling area. The bulk sample was dis­
carded after weighing. 
2 On September 16, the beans were mature and a 1.28 m area 
of the three middle rows of each plot was harvested. The 
procedure described above was used to subsample, weigh, and 
dry the samples. However, at maturity there were no samples 
for leaves or petioles. All bulk samples were threshed in a 
plot thresher to obtain grain yields. 
The samples were ground in a Wiley mill using a 40-mesh 
stainless steel screen. Care was taken to mix the ground 
sample well, then a small glass bottle was filled with the 
plant material and stored for nutrient analysis. In the 
laboratory, 0.25-gram samples were digested in H^SO^ and 
analyzed for total N, total P, and total K. The method used 
was that proposed by Dunphy (E. J. Dunphy, Department of 
Agronomy, Iowa State University, Ames, Iowa, mimeographed 
paper, Analyzing plant material for N, P, and K from a single 
HgSO^ digest, 1972). Total nitrogen was determined by steam 
distillation, total phosphorus with a Klett-Summerson photo­
electric colorimeter, and total potassium with an Instrumenta­
tion Laboratory, model 143, flame photometer. 
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C. Statistical Analysis 
The data collected in the 1977 experiment were analyzed 
using SAS 1979 programs. The first plant sampling occurred 
before the foliar treatments were applied to the experimental 
units; therefore, data from the first samplings were not in­
cluded in the analysis of variance. 
The pH main effect was partitioned into 3 single degree 
of freedom comparisons; control vs NPKS, the linear response 
of pH (pHL) and the quadratic response of pH (pHQ). Times of 
harvest (HAR) were partitioned into linear (HARL), quadratic 
(HARQ) and cubic (HARC) single degree of freedom comparisons. 
Two interactions, control vs NPKS*HARL and pHL*HARL, are shown 
when they are significant. 
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IV. RESULTS, 1977 EXPERIMENT 
A. Dry Weights 
The dry weights of the different plant parts—leaves, 
petioles, stems, pods, beans and fallen material (leaves and 
petioles)—at the five harvests between stage R5 and maturity 
for the different foliar treatments are reported in Appendix 
Table 41. The analysis of variance Table 3, indicates that 
the dry weights of the different plant parts at the different 
harvests generally were not affected by the foliar treatments. 
Therefore, average dry weights of the plant parts are re­
ported in Table 4. 
The average dry weight of the leaves were not affected 
by the NPKS sprays or by the different pH's of the NPKS solu­
tions (Table 3). However, the average leaf weight decreased 
from 2613 to 1823 kg/ha between harvests 2 and 4 (Table 4). 
Figures 1 and 2 show the average dry weights and average 
cumulative dry weights of the leaves between stage R5 and 
maturity. 
Neither the NPKS sprays nor the pH of the three foliar 
sprays influenced the average dry weights of the petioles. 
The petioles decreased in dry weight from 1238 to lOll kg/ha 
between harvests 2 and 4 (Table 4). The decline in petiole 
dry weight from stage R5 to maturity is shown in Figures 1 
and 2, 
The dry weights of the fallen material (leaves and 
Table 3. Analysis of variance of the dry weights of the soybean plant parts for 
harvests 2 to 5 as influenced by pH of the foliar solutions, 1977 
Model df MS F MS 
BLK 
pH 
Control vs NPKS 
pHL 
pHQ 
Error (a) 
HAR 
HARL 
HARQ 
HARC 
pH*HAR 
Control vs NPKS*HARL 
pHL*HARL 
Remainder 
Error (b) 
BLK 
pH 
Control vs NPKS 
pHL 
pHQ 
Error (a) 
3 
3 
9 
2 
1 
1 
1 
1 
1 
1 
1 
4 
24 
3 
3 
1 
1 
1 
Leaves 
176,054 
(1,732) 
272 
2,223 
2,701 
39,314 
(2,528,861) 
4,988,061 
69,660 
23,157 
Petioles 
54,057 
Stems 
600,350 
(175,223) 
411 
520,455 
4,803 
150,716 
4.48* 
O.Ol 
0 .06  
0.07 
92.27** 
1.27 
0.43 
3.98* 
<0.01 
3.45+ 
0.03 
12,411 
(5,340) 
3 
10,626 
5,390 
15,939 
(210,568) 
410,192 
10,944 
8,593 
17,907 
Pods 
18,262 
20,407 
39 
5,886 
55,296 
32,520 
0.78 
<0.01 
0.67 
0.34 
22.91** 
0.61 
0.48 
0.56 
<0.01 
0.18 
1.70 
HAR 
HARL 
HARQ 
HARC 
pH*HAR 
Control vs NPKS*HARL 
pHL*HARL 
Remainder 
Error (b) 
BLK 
pH 
Control vs NPKS 
pHL 
pHQ 
Error (a) 
HAR 
HARL 
HARQ 
HARC 
pH*HAR 
Control vs NPKS*HARL 
pHL*HARL 
Remainder 
1 
1 
1 
1 
1 
7 
36 
3 
3 
9 
3 
1 
1 
1 
1 
1 
1 
1 
1 
7 
(2,829,475) 
8,210,372 
238,660 
39,392 
43,415 
54,132 
151.67** 
4.41* 
0.73 
0 . 8 0  
Beans 
Error (b) 36 
35,570 
(163,304) 
268.278 
221.279 
357 
199,700 
(18,779,049) 
48,666,247 
7,518,146 
152,756 
53,189 
75,339 
0.18 
1.34 
1.11 
<0.01 
645.96** 
99.79** 
2.03 
0.71 
(1,892,151) 
3,353,075 
1,967,201 
356,177 
22,976 
114.87** 
67,39** 
12.20** 
0.79 
29,191 
Fallen 
12,889 
(11,538) 
12,594 
21,788 
231 
9,418 
(10,035,438) 
26,727,881 
3,358,071 
20,362 
(11,611) 
40,424 
45,968 
2,587 
7,971 
1.13 
1.34 
2.31 
0.02 
3353.08** 
421.28** 
2.55 
5.07* 
5.77* 
0.32 
+,*,**Significant at the 10, 5, and 1% levels, respectively. 
Table 4. The average dry weight of the soybean plant parts at each harvest, 1977 
Days 
after 
Harvest stage 
no. R5 
Dry weights of plant parts 
Leaves Petioles Stems Pods Beans Fallen Total 
1 
2 
3 
4 
5 
0 
7 
14 
25 
42 
2653 
2613 
2299 
1823 
1236 
1238 
1157 
lOll 
2887 
2998 
2964 
2762 
2093 
-kg/ha— 
1258 
1460 
1468 
1700 
892 
410 
1221 
2157 
3059 
3708 
115 
64 
63 
156 
1676 
8559 
9594 
10108 
10511 
8369 
24 
4000 
Beans 
3000 . 
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Leaves 
m 2000 
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Fallen 
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Days after stage R5 
Figure 1, The average dry weights of the soybean plant parts 
from stage R5 to maturity, 1977 
25 
12000 
10000. 
Beans 
^ 8000. 
2 
Pods 
I 
m 6000 . 
>1 
k Q Stems 
4000 . 
Petioles 
2000 . 
Leaves 
Fallen 
0 10 20 30 40 
Days after stage R5 
Figure 2, The average cumulative dry weights of the soybean 
plant parts from stage R5 to maturity, 1977 
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petioles) was not affected by the NPKS sprays or by the pH 
of the spray solutions. Nets beneath plants sprayed with 
the three NPKS solutions caught an average of 1927 kg/ha of 
fallen material, while nets beneath the nonsprayed controls 
caught an average of 2077 kg/ha (Table 5). At harvests 2, 
3, and 4, more fallen material accumulated beneath sprayed 
plants than beneath the nonsprayed plants However, by har­
vest 5, the trend had reversed and the largest accumulation 
of dry matter occurred beneath the nonsprayed plants. This 
accounted for the significant control vs NPKS*HARL interac­
tion, shown in Table 3. As the pH of the three NPKS sprays 
decreased from 7.2 to 2.7, the average fallen material dry 
weight decreased at harvests 2, 4, and 5, The linear decrease 
in dry weights as solution pH decreased gave a significant 
pHL*HARL interaction. The average dry weight of fallen 
material increased from 64 kg/ha at harvest 2 to 1676 kg/ha 
at harvest 4. The average and cumulative dry weight accumu­
lation patterns for fallen material appear in Figures 1 and 2. 
Average dry weights of stems as influenced by foliar 
treatments are reported in Table 5. The average dry weights 
of foliar-sprayed and nonsprayed stems (at 2706 and 2700 
kg/ha, respectively) were not affected by the foliar NPKS 
sprays. However, there was a decline in stem dry weight as 
the pH of the foliar spray decreased. Stem dry weights of 
2826, 2720, and 2571 kg/ha for pH's 7.2, 5.3, and 2.7, respec­
tively, illustrate the linear decrease in stem dry weight as 
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Table 5. The dry "weights of the soybean stems and fallen 
materials at different harvests as influenced by 
foliar application of NPKS, 1977 
Harvest 
no. 
Days 
after 
stage 
R5 
Foliar treatment 
Avg None 
NPKS at 
7.2 
different 
5.3 
pH' s 
2.7 
Fallen materials (ka/ha) 
1 0 134 127 111 88 115 
2 7 63 77 49 70 64 
3 14 60 56 76 60 63 
4 25 151 171 143 157 156 
5 42 1783 1734 1636 1542 1676 
Total HAR 2-5 2077 2038 1914 1829 
Stems (ka/ha ) 
1 0 2907 2989 2817 2836 2887 
2 7 2974 3100 3062 2856 2998 
3 14 2885 3125 3003 2843 2964 
4 25 2804 2856 2892 2498 2762 
5 42 2137 2224 1923 2089 2093 
Mean HAR 2-5 2700 2826 2720 2571 
28 
solution pH declined. Stem dry weight decreased from an aver­
age of 2998 kg/ha at harvest 2 to 2093 kg/ha at harvest 5, a 
decline of approximately 900 kg/ha. Figures 1 and 2 show the 
average dry weight and cumulative dry weight accumulation 
patterns of the stems during the sampling period. 
The pod dry weights were not affected by the NPKS spray­
ings or by the pH of the three NPKS solutions. The accumula­
tion pattern of pod dry weight appears in Figures 1 and 2. 
Average pod dry weights for harvests 2 to 5 are reported in 
Table 4. The average pod dry weight for harvests 2, 3, 4, and 
5 were 1460, 1468, 1700, and 892 kg/ha, respectively. The pod 
dry weight increased until harvest 4, then exhibited a 50% 
loss in dry weight during the next 17 days. The loss was not 
related to foliar spraying since the controls also showed a 
similar decline. 
The average dry weights of beans were not affected by 
the NPKS solution or by the pH of the three NPKS solutions. 
Average bean dry weights are reported in Table 4 and the dry 
weight accumulation pattern during the sampling period is 
shown by Figure 1. The bean dry weights at harvests 2, 3, 4, 
and 5 were 1221, 2157, 3059, and 3708 kg/ha, respectively. At 
maturity nearly 45% of the total dry weight of the above 
ground plant parts was found in the beans (Figure 2). The 
remaining 55% of the dry matter was found in the stems, pods 
and fallen material. 
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B. Nitrogen (N) 
The total N concentrations in the different plant parts— 
leaves, stems, petioles, pods, beans and fallen material—at 
the five harvests between stage R5 and maturity for the dif­
ferent foliar treatments are reported in Appendix Table 42. 
The analysis of variance (Table 6) indicates that the leaves 
and beans were the only plant parts where the N concentra­
tions were significantly affected by the foliar treatments. 
These differences in N concentration of the leaves and beans 
during the seed-filling period are illustrated in Figure 3. 
The average N concentrations of all plant parts for all har­
vests are reported in Table 7. 
The N concentrations of the leaves for the different har­
vests, as influenced by the foliar application of NPKS, are 
reported in Table 8. The N concentrations in the leaves of 
nonsprayed plants decreased at a faster rate between harvests 
2 and 4 than did the N concentrations in the leaves of plants 
sprayed with the NPKS solutions. At harvest 4, the N concen­
trations of leaves from plants sprayed with NPKS at pH's 7.2 
and 2.7 were about 0.5% higher than the N concentrations of 
leaves from the nonsprayed plants. However, the NPKS pH 5.3 
solution had the greatest effect on leaf N concentration, as 
leaves of plants sprayed with this solution maintained a N 
concentration about 1% higher than did leaves from nonsprayed 
plants. 
Table 5. Analysis of variance of the N concentrations of the soybean plant parts 
for harvests 2 to 5 as influenced by pH of the foliar solutions, 1977 
Model df MS F MS F 
Leaves Petioles 
BLK 3 0.0987 0.86 0.0790 4.10* 
pH 
Control vs 
pHL 
pHQ 
NPKS 
3 
1 
1 
1 
(0.6166) 
0.9425 
0.1650 
0.7422 
8.23* 
1.44 
6.48* 
(0.0349) 
0.0067 
0.0888 
0.0093 
0.35 
4.61+ 
0.48 
Error (a) 9 0.1145 . 0.0193 
HAR 
HARL 
HARQ 
HARC 
2 
1 
1 
(4.7115) 
9.1271 
0.2959 
95.74** 
3.10+ 
(0.1793) 
0.3570 
0.0015 
29.56** 
0.12 
pH*HAR 
Control vs 
FHL*HARL 
Remainder 
NPKS*HARL 
6 
1 
1 
5 
(0.1315) 
0.5938 
0.039 
6.23* 
0.41 
(0.0335) 
0.1139 
0.0174 
9.43** 
1.44 
Error (b) 24 0.0953 
Stems 
0.0121 
Pods 
BLK 3 0.0209 0.73 0.3317 3.60+ 
pH 
Control vs 
pHL 
pHQ 
NPKS 
3 
1 
1 
1 
(0.0080) 
0.0124 
0.0081 
0.0036 
0.43 
0.29 
0.13 
(0.1302) 
0.0417 
0.2757 
0.0732 
0.39 
2.55 
0.68 
Error (a) 9 0.0285 0.1083 
EAR 3 
HARL 1 
HARQ 1 
H ARC 1 
pH*HAR 9 
Control vs NPKS*HARL 
pHL*HARL 
Remainder 
Error (b) 35 
BLK 3 
pH 3 
Control vs NPKS 1 
pHL 1 
pHQ 1 
Error (a) 9 
HAR 3 
HARL 1 
HÀRQ 1 
HARC 1 
pH*HAR 9 
Control vs NPKS*HARL 
pHL*HARL 
Remainder 
Error (b) 36 
+,*,**Significant at the 10, 
(3.5361) 
10.1575 
0.4109 
0.0399 
0.0331 
248.04** 
10.03** 
0.97 
0.81 
(7.5064 
21.6817 
0.8332 
0.0042 
0.0648 
449.30** 
17.27** 
0.09 
1.34 
0.0410 0.0483 
Beans Fallen 
0.1244 
(0.1747) 
0.5064 
0.0058 
0.0119 
0.0370 
(1.2217) 
3.3516 
0.2210 
0.0924 
0.0198 
3.37+ 
13.70** 
0.16 
0.32 
105.28** 
6.94** 
2.90+ 
0 .62  
0.2068 
(0.1901) 
0.4931 
0.0604 
0.0168 
0.2300 
(1.0013) 
1.3563 
0.0196 
1.6282 
0.1841 
0.90 
2.14 
0 .26  
0.07 
8.32** 
0.12 
9.99** 
1.13 
0.0318 0.1630 
and 1% levels, respectively. 
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Figure 3, The N concentrations in soybean leaves and beans 
from the NPKS-sprayed and nonsprayed plants, 1977 
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Table 7. The average N concentration of the soybean plant 
parts at each harvest, 1977 
Days 
Har- after Plant' part 
vest stage 
no. R5 Leaves Petioles Stems Pods Beans Fallen 
(% N)-
1 0 5.09 1.37 1.84 3.56 6.18 1.75 
2 7 4.87 1.52 1.99 2.89 6.23 2.04 
3 14 4.50 1.39 1.59 2.37 6.17 1.74 
4 25 3.80 1.30 1.37 1.98 6.34 2.23 
5 42 — — 0.86 1.26 6.78 2.31 
The N concentrations of the petioles for the different 
harvests, as influenced by the foliar applications of NPKS, 
are reported in Table 8. There were no differences in the N 
concentrations of petioles from plants that were sprayed or 
nonsprayed with the NPKS solutions. The pH effect on petiole 
N was most evident at harvest 2. However, by harvest 4, the 
pH effect on petiole N had disappeared. The N concentrations 
of the petioles, from both sprayed and nonsprayed plants, 
decreased during the seed-filling period. 
The N concentrations of the fallen materials were unaf­
fected by the applications of the NPKS sprays. The average N 
concentrations of fallen material for all harvests are re­
ported in Table 7, There was a general increase in the N 
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Table 8, The N concentrations of soybean leaves, petioles 
and beans at the different harvests as influenced 
by foliar application of NPKS, 1977 
Days 
after 
Harvest stage 
no. R5 
Foliar treatments 
NPKS at different pH's 
None 7.2 5.3 2.7 Avg 
Leaves (% N) 
1 0 5.10 5.05 4.98 5.22 
2 7 4.80 4.89 5.13 4. 66 
3 14 4.38 4.58 4.68 4.37 
4 25 3.26 3.89 4.22 3.83 
Mean HAR 2-4 4.15 4.45 4.67 4.29 
Petioles (% N) 
1 0 1.33 1.35 1.40 1.41 
2 7 1.59 1.70 1.39 1.39 
3 14 1.39 1.45 1.40 1.36 
4 25 1.30 1.28 1.34 1.30 
Mean HAR 2-4 1.43 1.47 1.38 1.35 
Beans ( %  N )  
1 0 5.91 6.15 6.38 6.31 
2 7 6.18 6.23 6.20 6.32 
3 14 6.04 6.25 6.24 6.17 
4 25 6.09 6.38 6.42 6.48 
5 42 6.60 6.86 6.79 6.88 
Mean HAR 2-5 6.23 6.43 6.41 6.46 
5.09 
4.87 
4.50 
3.80 
1.37 
1.52 
1.40 
1.30 
6.19 
6.23 
6.17 
6.34 
6.78 
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concentration of the fallen material over the sampling period, 
which suggests an adequate N status was maintained in the soy­
bean plant during the seed-filling period. Figure 4 shows the 
N content of the fallen material greatly increased between 
harvests 4 and 5, when most of the fallen material accumulated. 
Average N concentrations of stems for all harvests are 
reported in Table 7. The N concentrations of the stems were 
not affected by the applications of the NPKS solutions. The 
average N percentages in the stems decreased from 1.99 to 
0.86% between harvests 2 and 5. 
Neither the applications of the NPKS sprays nor the 
pH's of the NPKS solutions influenced the N concentrations of 
the pods. Therefore, average N percentages of the pods at 
all harvests are reported in Table 7. Between harvest 2 and 
the maturity, the average N concentration of pods decreased 
from 2.89 to 1.26%. 
The N concentrations of beans for each treatment and 
harvest are presented in Table 8. The N concentrations of 
beans from the NPKS sprayed plants remained at a higher level 
between harvests 2 and 5 than did the N concentration of 
beans from nonsprayed plants. At harvest 5, beans from 
foliar NPKS sprayed plants contained about 0.25% more N than 
beans from nonsprayed plants. The average N content of beans 
increased during the seed-filling period from an average of 
6.23% N at harvest 2 to 6.78% at maturity. 
At maturity, about 75% of the N contained in the soybean 
35b 
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Figure 4. The average N content of the soybean plant parts 
from stage R5 to maturity, 1977 
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plants was found in the beans (Figure 4). 
C. Phosphorus (P) 
The P concentration of the different plant parts— 
leaves, petioles, stems, pods, beans and fallen material—at 
the five harvests between stage R5 and maturity for the foliar 
NPKS treatments are reported in Appendix Table 42. The 
analysis of variance (Table 9) indicates that the P concen­
trations of the leaves and fallen materials between harvests 
2 and 5 were significantly affected by the foliar treatments. 
The P concentrations of the petioles, stems, pods and beans 
were unaffected by the foliar treatments; therefore, average 
P concentrations of these four plant parts are reported in 
Table 10. The average P contents of all plant parts between 
stage R5 and maturity are presented in Figure 5. 
The P concentrations of the leaves for the different 
harvests, as influenced by the four treatments, are presented 
in Table 11. The leaves of the NPKS sprayed plants did not 
change appreciably and by the fourth sampling contained an 
average of 0.32% P. The P concentration of the leaves of the 
nonsprayed plants decreased from 0.32 to 0.24% between the 
second and fourth sampling. The pH levels of the NPKS solu­
tions had little effect on the P concentration of the leaves. 
The P concentration of the leaves of the nonsprayed plants 
decreased at a faster rate between harvests 2 and 4 than did 
the P concentrations in the leaves of the plants sprayed with 
Table 9. Analysis of variance of the P concentrations of the soybean plant parts 
for harvests 2 to 5 as influenced by the pH of the foliar solutions, 1977 
Model df MS F MS 
Leaves Petioles 
BLK 
pH 
Control vs NPKS 
pHL 
pHQ 
Error (a) 
HAR 
HARL 
HARQ 
HARC 
pH*HAR 
Control vs NPKS*HARL 
pHL*HARL 
Remainder 
Error (b) 
3 
3 
9 
2 
1 
1 
1 
1 
1 
1 
1 
4 
24 
0.0015 
(0.0053) 
0.0146 
0.0006 
0.0006 
0.0011 
(0.0032) 
0.0063 
0.0001 
(0.0015) 
0.0059 
0.0016 
0.0004 
0.00049 
1.35 
12.82** 
0.53 
0.49 
12.93** 
0.10 
11.97** 
3.27+ 
0.77 
O.OOOl 
(O.OOOl) 
<0.0001 
0.0003 
O.OOOl 
0.0001 
(0.0203) 
0.0041 
<0.0001 
0.0001 
0.000069 
1.00 
0.35 
2.76 
0.92 
58.32** 
0.06 
1.15 
Stems Pods 
BLK 
pH 
Control vs NPKS 
pHL 
pHQ 
Error (a) 
3 
3 
1 
1 
1 
0.0004 
(<0.000l) 
20.0001) 
<0.0001 
0.0001 
0.0001 
2.84+ 
0.11 
<0.01 
0.54 
0.0066 
(0.0014) 
0.0014 
0.0028 
0.0002 
0.0012 
5.40* 
1.11 
2.30 
0.12 
HAR 3 
HARL 1 
HARQ 1 
HARC 1 
pH*HAR 9 
Control vs NPKS*HARL 
pHL*HARL 
Remainder 
Error (b) 35 
BLK 3 
pH 3 
Control vs NPKS 1 
pHL 1 
pHQ 1 
Error (a) 9 
HAR 3 
HARL 1 
HARQ 1 
HARC 1 
pH*HAR 9 
Control vs. NPKS*HARL 
pHL*HARL 
Remainder 
Error (b) 36 
+,*,**Significant at the 10, 
(0.0221) 
0 .0662  
0.0002 
<0.0001 
0.0001 
326.05** 
0.77 
0.19 
0.55 
0.00020 
(0.1527) 
0.4572 
0.0004 
0.0003 
0.0005 
791.56** 
0.76 
0.62 
0.87 
0.00058 
Beans 
0.0014 
0.0005 
2.03 
(0.0005) 
0.0008 1.18 
0.0005 0.79 
0.0001 0.13 
0.0001 
(0.0269) (0.0060) 
0.0489 130.25** 
0.0304 81.09** 
0.0013 3.58+ 
1.20 
0.00038 
Fallen 
0.0011 
0.0008 
0 . 6 8  
(0.0055) 
0.0122 7.82* 
0.0036 2.32 
0.0006 0.38 
0.0016 
(0.0060) 
0.0116 13.72** 
0.0006 0.70 
0.0058 6.91* 
0.93 
0.00084 
and 1% levels, respectively. 
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Table 10. The average P concentration of the soybean plant 
parts from stage R5 to maturity, 1977 
Days 
Har- after 
vest stage 
no. R5 Leaves Petioles Stems Pods Beans Fallen 
Plant part 
(% P)-
1 0 0.32 0.13 0.15 0.38 0.58 0.12 
2 7 0.33 0.14 0.14 0.32 0.54 0,16 
3 14 0.32 0.13 0.12 0.27 0.53 0.15 
4 25 0.30 0.12 0.10 0.22 0.51 0,19 
5 42 — - 0.06 0.09 0,60 0.19 
the NPKS solutions (Figure 6). The control vs NPKS*HARL 
interaction (Table 9) indicates that the difference in the 
rate of change in P concentrations in the leaves of sprayed 
and nonsprayed plants is significant. At the last harvest, 
leaves sprayed with the NPKS pH 2.7 solution had a P concen­
tration of 0.29%, which was 0.04% below that of the other two 
NPKS solutions. 
The petiole P concentrations were not affected by the 
NPKS sprays; therefore, the average P concentrations of the 
petioles at each harvest are found in Table 10, The aver­
age concentration of P in the petioles decreased from 0,14 to 
0.12% between the second and fourth samplings. 
The P concentrations of the fallen materials for all 
40 
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Figure 5. The average P content of the soybean plant parts 
from stage R5 to maturity, 1977 
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Table 11. The P concentrations of the soybean leaves and 
fallen materials as influenced by foliar appli­
cation of NPKS 
Days Foliar treatments 
after ^ 
Harvest 
no. 
stage 
R5 None 7.2 5.3 
F*- K** IHR^ 
2.7 
Leaves (% P) 
1 0 0.32 0.33 0.33 0.32 
2 7 0.32 0.33 0.33 0.33 
3 14 0.29 0.33 0.32 0.32 
4 25 0.24 0.33 0.33 0.29 
Mean HAR 2-4 0.28 0.33 0.33 0.31 
Fallen materials P) 
1 0 0.12 0.13 0.13 0.10 
2 7 0.14 0.16 0.17 0.17 
3 14 0.15 0.15 0.15 0.17 
4 25 0.16 0.19 0.18 0.23 
5 34 0.16 0.19 0.21 0.22 
Mean HAR 2-5 0.15 0.17 0.18 0.20 
Avg 
0.32 
0.33 
0.32 
0 .30  
0.12 
0.16 
0.15 
0.19 
0.19 
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Figure 6. The P concentrations in soybean leaves and fallen 
materials from the NPKS-sprayed and nonsprayed 
plants, 1977 
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harvests and treatments are reported in Table 11. The P 
concentrations of fallen materials from plants sprayed with 
the NPKS solutions remained at a higher level than did the 
P concentration in fallen materials from nonsprayed plants 
(Figure 6). At harvest 5, the P concentrations of the 
fallen material from the three NPKS sprays were 0.05% higher 
than the P concentrations of the fallen material from the 
nonsprayed plants. The P concentrations of the fallen 
materials increased during the seed-filling period, from 0.16% 
at harvest 2 to 0.19% at harvest 5, which suggests an ade­
quate P supply for the soybean plant. 
The P concentrations of the stems, pods and beans from 
plants sprayed with the NPKS solutions were not affected by 
NPKS sprays or by the pH of the sprays. The stem P concentra­
tions decreased from 0.14% to 0.06% P between the second and 
fifth samplings, while the pod P concentrations declined from 
0.32% to 0.09% P during the same period. The bean P concen­
trations decreased from 0.54% at the second harvest to 0.51% 
at the fourth harvest before increasing to 0.60% at the last 
harvest. 
Nearly 75% of the P in the soybean plant at maturity was 
located in the seed (Figure 5). The vegetative tissue lost 
about 75% of its P between stage R5 and maturity. 
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D. Potassium (K) 
The K concentrations in the different plant parts— 
leaves, stems, petioles, pods, beans and fallen material—at 
the five harvests between stage R5 and maturity are reported 
in Appendix Table 42. The analysis of variance (Table 12) 
indicates that the K concentrations of all plant parts, except 
fallen materials, were significantly higher when the plants 
were sprayed with the foliar NPKS solutions than when not 
sprayed. Figures 7 and 8 show the K concentrations remained 
higher at later harvests in the plant parts when the plants 
were sprayed with the NPKS solutions. The total K accumula­
tions for each plant part at all harvests are presented in 
Figure 9. 
The K concentration of leaves from nonsprayed plants de­
creased at a faster rate than did the K concentration of 
leaves from foliar NPKS sprayed plants (Table 13). At har­
vests 2, 3 and 4, the K concentration of the leaves increased 
as the pH of the NPKS solution decreased, and leaves from 
plants sprayed with the pH 2.7 solution contained about 0.20% 
more K than leaves from plants sprayed with the other two 
NPKS solutions. The leaf K concentrations of all treatments 
decreased between harvests 2 and 4. 
Potassium concentrations of the petioles as influenced 
by the foliar NPKS solutions are reported in Table 13. The 
petiole K concentrations decreased between harvests 2 and 4 
Table 12. Analysis of variance of the K concentrations of the soybean plant parts 
for harvests 2 to 5 as influenced by the pH of the foliar solutions, 
1977 
Model df MS F MS 
Leaves 
BLK 
pH 
Control vs NPKS 
pHL 
pHQ 
Error (a) 
HAR 
HARL 
HARQ 
HARC 
pH*HAR 
Control vs NPKS*HARL 
pHL*HARL 
Remainder 
Error (b) 
3 
3 
9 
2 
1 
1 
1 
1 
1 
1 
1 
4 
0.1381 5.72* 
(0.1596) 
0.2704 11.19** 
0.1550 6.83* 
0.0435 1.80 
Petioles 
24 
0.0242 
(0.0978) 
0.0903 
0.1053 
0.0084 
0.0172 
5.24* 
5.11** 
0.49 
0.4192 
0.0398 
0.0554 
2.96+ 
(0.3380) 
0.8993 5.35* 
0.0900 0.54 
0.0245 0.17 
0.1417 
(0.5945) 
1.3820 24.50** 
0.0072 0.13 
0.71 
Stems Pods 
BLK 
pH 
Control vs NPKS 
pHL 
pHQ 
Error (a) 
3 
3 
1 
1 
1 
0.0884 
(0.1618) 
0.4089 
0.0578 
0.0187 
0.0336 
2.53 
12.16** 
1.72 
0.56 
0.1215 
(0.4028) 
1.1194 
0.0820 
0.0070 
0.0547 
2 . 2 2  
20.47** 
1.50 
0.13 
HAR 3 
HARL 1 
HARQ 1 
HARC 1 
pH*HAR 9 
Control vs NPKS*HARL 1 
pHL*HARL 1 
Remainder 7 
Error (b) 35 
BLK 3 
pH 3 
Control vs NPKS 1 
pHL 1 
pHO 1 
Error (a) 9 
HAR 3 
HARL 1 
HARQ 1 
HARC 1 
pH*HAR 9 
Control vs NPKS*HARL 1 
pHL*HARL 1 
Remainder 1 
Error (b) 36 
+,*,**Significant at the lO, 
(0.3540) (0.0473) 
0.8453 15.91** 0.1365 3.27* 
0.1976 3.72 0.0013 0.03 
0.0192 0.36 0.0042 0.10 
O.OlOO 0.19 0.0375 0.90 
0.0531 0.0418 
Beans Fallen 
0.0299 7.50** 1.1302 14.73** 
(0.0082) (0.0757) 
0.0204 5.13* 0.1485 1.94 
0.0005 0.11 0.0741 0.97 
0.0038 0.94 0.0045 0.06 
0.0040 0.0767 
(0.4242) (0.5731) 
0.3987 125.59** 1.345 8.45** 
0.8680 273.44** 0.0528 0.34 
0.0058 1.82 0.3549 2.29 
(0.0062) 0.0265 0.17 
0.0379 11.94** — — 
0.0022 0.70 - -
0.0032 
and 1% levels, respectively. 
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Figure 7. The K concentrations in the soybean leaves and 
stems of the NPKS-sprayed and nonsprayed plants, 
1977 
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Figure 9, The average K content of the soybean plant parts 
from stage R5 to maturity, 1977 
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Table 13. The potassium concentrations of the soybean leaves 
and petioles as influenced by foliar application 
of NPKS, 1977 
Days 
after 
Foliar treatments 
Harvest 
no. 
NPKS at different DH ' s 
stage 
R5 , None pH 7.2 pH 5.3 pH 2.7 Avg 
Leaves (% K) 
1 0 1.48 1.50 1.66 1.57 1.55 
2 7 1.38 1.49 1.47 1.59 1.48 
3 14 1.23 1.29 1.28 1.51 1.33 
4 25 1.19 1.36 1.42 1.54 1.38 
Mean HAR 2-4 1.27 1.38 1.39 1.55 
Petioles (% K) 
1 0 2.17 2.46 2.64 2.47 2.44 
2 7 1.94 2.26 2.10 2.32 2.15 
3 14 1.77 1.90 2.04 1.98 1.92 
4 25 1.40 1.77 1.80 1.99 1.74 
Mean HAR 2-4 1.70 1.97 1.98 2.10 
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for all four treatments and at harvest 4, the petiole K con­
centrations of the nonsprayed plants were about 0.4 to 0,5% 
less than petiole K concentrations of the NPKS sprayed plants. 
The pH levels of the NPKS solutions had no influence on the K 
concentrations of the petioles. 
The K concentrations of the fallen materials were not 
affected by the NPKS solutions (Table 14). The K concentra­
tions of the fallen materials decreased from 1.15 to 0.73% K. 
between harvest 2 and maturity. 
The concentrations of K in the stems of nonsprayed plants 
remained at a lower level between harvests 2 and 5 than did 
the concentrations in the stems of NPKS sprayed plants. At 
maturity, the stems of nonsprayed plants contained approxi­
mately 0.2% less K than their NPKS sprayed counterparts 
(Table 15). There were no real differences in the K concen­
trations of the stems of NPKS sprayed plants even though the 
K levels of leaves sprayed with the pH 7.2 solution tended to 
be lower than those sprayed with the other two solutions. Be­
tween harvests 2 and 5 the average K concentrations of the 
stems decreased from 1.13 to 0.81% K. 
The K percentages in the pods of plants sprayed with 
NPKS maintained a higher level of K at all samplings than did 
the pods from nonsprayed plants (Table 15). The average pod 
K concentrations were relatively constant for harvests 2, 3 
and 4, but generally exhibited an increase between harvests 
4 and 5. In the NPKS solution at pH 2.7, the maximum K 
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Table 14. Ttie potassium concentrations of the soybean fallen 
materials and beans as influenced by foliar appli­
cations of NPKS, 1977 
Days 
after 
Harvest stage 
Foliar treatments 
NPKS at different pH's 
no. R5 None pH 7.2 pH 5.3 pH 2.7 Avg 
Beans (% K) 
1 0 2.58 2.61 2.55 2.53 2.52 
2 7 2.37 2.41 2.35 2.35 2.37 
3 14 2.10 2.19 2.19 2.15 2.15 
4 25 1.97 2.00 1.98 1.99 1.98 
5 42 2.05 2.08 2.09 2.20 2.10 
Mean HAR 2-5 2.12 2.17 2.15 2.18 
Fallen ( %  K )  
1 0 0.79 0.85 0.85 1.03 0.88 
2 7 1.05 1.18 1.19 1.15 1.15 
3 14 1.00 0.95 0.87 1.00 0.95 
4 25 0.96 1.09 1.10 1.24 1.10 
5 42 0.57 0.55 0.82 0.85 0.73 
Mean HAR 2-5 0.90 0.97 1.00 1.07 
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Table 15. The potassium concentrations of the soybean stems 
and pods as influenced by foliar applications of 
NPKS, 1977 
Days Foliar treatments 
Harvest îSge NPKS at different pH'g 
no, R5 None pH 7.2 pH 5.3 pH 2.7 Avg 
Stems (% K) 
1 0 1.13 1.15 1.41 1.23 1.23 
2 7 0.98 l.lO 1.24 1.23 1.13 
3 14 0.87 1.10 1.05 1.04 1.02 
4 25 0.71 0.81 0.96 0.97 0.86 
5 42 0.71 0.78 0.87 0.89 0.81 
Mean HAR 2-5 0.82 0.95 1.03 1.03 
Pods {% K) 
1 0 2.43 2.35 2.49 2.57 2.46 
2 7 2.08 2.26 2.37 2.43 2.29 
3 14 2.08 2.32 2.53 2.36 2.32 
4 25 2.05 2.50 2.35 2.39 2.32 
5 42 2.21 2.33 2.47 2.64 2.41 
Mean HAR 2-5 2.11 2.35 2.43 2.45 
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concentration occurred at maturity, while maximums for the 
other NPKS solution occurred at earlier samplings. 
The K concentrations of the beans generally decreased 
between harvests 2 and 4, then registered an 0.1% increase 
in K levels between harvests 4 and 5 (Table 14). The beans 
from nonsprayed plants were observed to contain a lower K 
concentration than did beans from the NPKS sprayed plants. 
At maturity, beans sprayed with the pH 2.7 solution had the 
greatest K level, at 2.20% K. 
Fifty-five percent of the total K in the soybean plant 
at maturity was located in the seed, with the remainder of the 
K in the vegetative tissues. 
E. Plant Height 
The analysis of variance (Table 16) indicated that plant 
height of soybeans was not affected by the NPKS solutions or 
by the different pH levels of the NPKS solutions. The plant 
heights at the five harvests between stage R5 and maturity, 
as influenced by the different foliar NPKS treatments, are 
reported in Table 17 and in Appendix Table 43. Soybean 
heights averaged about 125 cm for all plants, regardless of 
foliar treatment, A marked decrease in plant height was ob­
served between harvests 4 and 5, However, this decrease 
cannot be attributed to the NPKS solutions since the non-
sprayed plants also showed the same response between harvests 
4 and 5. The average soybean plant height decreased from 
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Table 16. The analysis of variance of soybean plant height 
and pods per plant for harvests 2 to 5 as in­
fluenced by the pH of the foliar solutions, 1977 
Plant heioht Pods tjer plant 
Model df MS F MS F 
BLK 3 75.23 3.81+ 75.00 1.68 
pH 
Control vs NPKS 
pHL 
pHQ 
(3) 
1 
1 
1 
(28.35) 
30.02 
47.53 
17.51 
1.01 
2.41 
0.89 
(114.63) 
126.75 
148.78 
68.34 
2.85 
3.34+ 
1.54 
Error (a) 9 19.74 44.51 
HAR 
HARL 
HARQ 
Remainder 
(3) 
1 
1 
1 
(317.52) 
876.11 
63.77 
12.68 
60.70** 
4.42* 
0.88 
(688.08) 
1585.79 
173.98 
304.49 
39.59* 
4.34* 
7.60* 
pH*HAR 
pHL*HARL 
Remainder 
9 
1 
8 
9.8125 0.68 (71,60) 
240.14 
50.53 
6.00* 
1.26 
Error (b) 36 14.43 40.05 
+,*,**Significant at the 10, 5, and 1% levels, respec­
tively. 
from 127 cm at harvest 2 to 118 cm at harvest 5. 
F. Pods Per Plant 
The average number of pods per plant for the five har­
vests between stage R5 and maturity are reported in Table 17. 
The analysis of variance (Table 16) indicates that the number 
of pods per plant was not significantly affected by the NPKS 
sprays. However, the pH of the NPKS solution did affect the 
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Table 17. The soybean plant height and number of pods per 
plant as influenced by the pH of the foliar 
solutions, 1977 
Days 
after 
Foliar treatments 
Harvest 
no. 
stage 
R5 None pH 7.2 pH 5.3 
jj- &-
pH 2.' 
Plant heiaht (cm) 
1 0 127 126 127 123 
2 7 128 125 128 126 
3 14 127 130 128 125 
4 25 127 125 125 124 
5 42 119 120 118 114 
Mean HAR 2-5 125 125 125 122 
Pods Der Plant 
1 0 62.5 64.3 74.8 64.5 
2 7 56.5 63.3 66.0 54.0 
3 14 57.3 67.3 57.5 55.3 
4 25 50.8 48.0 50.5 48.5 
5 42 41.8 46.0 52.0 49.5 
Mean HAR 2-5 51.6 56.1 56.5 51.8 
Avg 
126 
127 
127 
125 
118 
66.5 
59.9 
59.3 
49.4 
47.3 
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number of pods per plant. At harvests 2 and 3, the fewest 
numbers of pods per plants were detected on the pH 2.7 treat­
ments. However, at maturity the trend had reversed with the 
pH 7.2 treatment having the fewest numbers of pods per plant. 
The data show that at harvest 5 the NPKS-sprayed plants aver­
aged about seven more pods per plant than did the nonsprayed 
plants. The average number of pods per plant decreased from 
59.9 pods at harvest 2 to 47.3 pods at harvest 5. The de­
cline in pod numbers is partly due to measuring techniques, 
since only pods that contained at least one bean were counted 
at harvest 5, while all pods larger than 2 cm were counted at 
the other harvests. 
G. lOO-Bean Weight 
The analysis of variance (Table 18) indicates the 100-
bean weights were affected by the NPKS sprays. The average 
lOO-bean weights at harvest 5 (maturity) for the nonsprayed 
and NPKS-sprayed plants are presented in Table 19, The NPKS-
sprayed plants produced beans that weighed from 12.1 to 13.4 
grams/lOO. These beans were considerably smaller than the 
beans from the nonsprayed plants which weighed 14.08 g/lOO 
beans. The NPKS sprays caused a 10 to 15% reduction in bean 
size. 
Table 18. Analysis of variance for lOO-bean weight, beans per pod and yield 
at harvest 5 as influenced by the pH of the foliar solutions, 1977 
lOO-bean weiaht Yield at harvest 5 Beans oer nod 
Model df MS F MS F MS F 
BLK 3 2.69 1.27 73.918 0.35 0.0719 0.99 
pH (3) (3.99) (89,554) (0.0463) 
Control vs NPKS 
pHL 
pHQ 
1 
1 
1 
7.52 
0.31 
4.42 
3.55+ 
O.Ol 
2.09 
91.525 
176,715 
425 
0.45 
0.86 
<0.01 
0.0624 
0.0761 
0.0004 
0.83 
1.01 
0.01 
Error (a) 9 2.12 205,105 0.0750 
+Significant at the .10 level. 
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Table 19. The lOO-bean weight, beans per pod and bean yield 
at harvest 5 as influenced by the pH of the 
foliar solutions, 1977 
Foliar treatment 
Harvest after NPKS at different pP's 
no. stage R5 None pH 7.2 pH 5.3 pH 2.7 
lOO-bean weight 
5 42 14.08 12.13 13.35 13.00 
Beans per pod 
5 42 2.09 2.13 2.24 2.33 
Bean yield at harvest 5 (kg/ha) 
5 42 3577 3607 3743 3904 
H. Beans Per Pod 
The average number of beans per pod at harvest 5 for all 
treatments are reported in Table 19. The analysis of vari­
ance (Table 18) indicates there was no significant effect 
of the NPKS sprays on the number of beans per pod. There was 
a trend of increasing the number of beans per pod, from 2.13 
to 2.33, as the pH decreased from 7.2 to 2.7. The data 
suggest that a lower solution pH may be beneficial in increas­
ing beans per pod. 
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I. Bean Yield at Maturity 
The average bean yields at maturity for the four treat­
ments are reported in Table 19. The analysis of variance 
(Table 18) indicates that the difference in bean yields at 
maturity was not significantly affected by the foliar NPKS 
sprays. The yields for the control, pH 7.2, pH 5.3, and pH 
2.7 treatments were 3577, 3607, 3743 and 3904 kg/ha, respec­
tively. 
The 1977 soybean yields for the four reps of each treat­
ment are reported in Appendix Table 47. The data show the 
soybean yields varied considerably within each treatment. 
Using single degree of freedom comparisons, the yield of 
the control was compared to the yields of the plants fer­
tilized with solutions at pH 7.2, 5.3 and 2.7. The F values 
for the control vs pH 7.2, control vs pH 5.3 and control vs 
pH 2.7 comparisons were 0.10, 0.21 and 0.97, respectively. 
These F values indicate there was no significant difference 
in the bean yields of the controls and the foliar fertilized 
plants. 
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V. EFFECT OF FOLIAR FERTILIZATION AT TWO pH LEVELS AND 
THREE N LEVELS ON SOYBEANS YIELDS, 1978 EXPERIMENT 
A, Methods and Materials 
In 1978, an experiment was conducted to determine what 
effect a foliar solution at two different pH levels and at 
three nitrogen rates would have on soybean yield. 
This research was conducted at the Burkey Farm of the 
Iowa State University Agronomy and Agricultural Engineering 
Research Center, Ames, Iowa. On this site, a poorly drained 
Webster (Typic Haplaquoll) silty clay loam is the dominant 
soil type. This area, in a corn/soybean rotation, had 224 
kg/ha N applied to the previous corn crop. Phosphorus and 
potassium at rates equivalent to 224 kg/ha PgO^ and 280 kg/ha 
K^O were applied and plowed down in the fall of 1977. 
On May 26, Sloan soybeans were planted in 75-cm rows at 
the rate of about 30 beans/meter. The experimental design 
was a completely randomized block with seven treatments and 
three replicates. Each experimental plot measured five rows 
wide by 7.6 meters long with a one-row border on each side. 
Within each plot, six subplots (each measuring one row by 
3.04 meters) were laid out. Five of the subplots were used 
for plant sampling during the reproductive period. The sixth 
subplot was used to obtain the harvest sample. On July 13, 
cheesecloth nets (76 cm by 3.04 m) were installed between 
rows 2 and 3 to catch the abscised soybean plant material. 
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Weed control was by preplant incorporation of 8,3 
liters/ha Lasso, two mechanical cultivations and hand-
weeding. 
Treatments used in 1978 are shown in Table 20. They 
included a check (treatment l), three treatments (2,3, and 4) 
at a low pH (3.7) and three treatments (5, 6, and 7) at a 
higher pH (5.4). The three treatments at each pH level had 
increasing amounts of applied N, i.e., treatments 2, 3, and 
4 have 11.2, 22.4 and 33.6 kg/ha of N, respectively. Phos­
phorus, potassium and sulfur rates were constant for all 
treatments at rates of 2.24, 6.73, and 1,12 kg/ha, respec­
tively. Sources of the nutrients, elemental compositions of 
the nutrient solutions and amounts of nutrients in each solu­
tion are shown in Table 21. Sources and composition of the 
1978 solutions were similar to those used in 1977, except 
that reagent grade urea was used. Sulfuric acid again was 
used to adjust the solution pH. 
A portable spraying unit designed to spray five rows 
concurrently was used to apply the foliar solutions. Air 
2 pressure in the unit was 2.8 kg/cm , The unit was calibrated 
before each spraying and the time of application was adjusted 
so that 540 ml of solution would be equivalent to the amount 
of nutrient needed for a particular treatment (Table 20). 
The experimental plots were sprayed in the evening between 6 
and 9 p.m. Beginning August 8, when the soybeans had reached 
morphological stage R5.0 (Fehr et al., 1971), the soybeans were 
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Table 20. The treatments, solution pH and nutrients applied 
per application to soybean plants in 1978 
No. of Nutrients per application 
Treat-
no . 
appli­
cations 
Solution 
pH N 
vra/ 
P 
nd ) 
K S 
1 4 - - - - -
2 4 3.7 ± .2 11.2 2.24 6.73 1.12 
3 4 3.7 ± .2 22.4 2.24 6.73 1.12 
4 4 3.7 ± .2 33.6 2.24 6.73 1.12 
5 4 5.4 ± .2 11.2 2.24 6.73 1.12 
6 4 5.4 ± .2 22.4 2.24 6.73 1.12 
7 4 5.4 ± .2 33.6 2.24 6.73 1.12 
sprayed at weekly intervals. The last three sprayings were 
on August 15, 22, and 29. 
Rainfall was sufficient in 1978 with no extended period 
of water stress. Amounts of precipitation in May, June, July 
and August were 7.5, 13.8, 17,4 and 9.0 cm, respectively. 
This was 4.8 cm above normal for this period. 
B. Plant Sampling and Analysis 
Plant samples were taken during reproductive growth 
stages on August 8, 15, 22, 29, and September 13. These 
samples came from the one-row subplots. All samples taken 
in 1978 were harvested and processed in the same manner as 
in 1977, including selecting at random a lO-plant subsample. 
Table 21. The source of materials, elemental composition of source materials and 
amounts of nutrients applied for the 1978 treatments 
Elemental composition Amounts of nutrients applied (a/l) 
Source 
materials 
UJ. ov, «M 
% N % P % K 
*1? 
% S 1 2 3 
-Treatments 
4 5 6 7 
Urea 46.67 - - - 118 247 375.5 124 252 381 
K-poly-
phosphate 11.26 20.7 — — 105.5 105.5 105.5 105.5 105.5 l05.5 
K2SO4 — — 44.8 18.4 - - - - 16.3 16.3 16.3 
KNO3 13.9 38.7 - - 36.3 36.3 36.3 17.3 17.3 17.3 
H2SO4 — — - 32.7 - 18.8 18.8 18.8 9.4 9.4 9.4 
Tween 80^ 
^Each liter of solution contained 100 ml of 0.1% Tween-80. 
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(See 1977 methods for explanation.) In 1978, the pods, 
including seeds, were not separated for harvests 1 and 2. 
The experiment was harvested on October 6 and the bulk samples 
were threshed for grain yield. 
The 1978 samples were dried, ground, stored and analyzed 
using the same procedures as in 1977. (See 1977 methods 
section.) 
C. Statistical Analysis 
The data collected in the 1978 experiment were analyzed 
using SAS 1979 programs. The first plant sampling occurred 
before foliar treatments were applied to the experimental 
units, therefore, the data from the first samplings were not 
included in the analysis of variance. 
In 1978, the treatment main effect was partitioned into 
6 single degree of freedom comparisons: control vs NPKS, 
nitrogen linear (NL) and quadratic (NQ), the pH effect (pH), 
and the interactions of nitrogen and pH (NL*pH and NQ*pH). 
Time of harvest (HAR) was partitioned so the linear (HL) and 
quadratic (HQ) responses could be observed. 
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VI. RESULTS, 1978 EXPERIMENT 
A. Dry Weights 
The dry weights of the different plant parts—leaves, 
petioles, stems, pods, beans and fallen material—at the six 
harvests between stage R5 and maturity for the different 
foliar treatments are reported in Appendix Table 44. The 
analysis of variance (Table 22) indicates that, except for the 
petioles, the dry weights of the plant parts generally were 
not affected by the foliar treatments. Dry weights of leaves, 
stems, beans, pods and fallen materials were not affected by 
the N rate or the pH of the solutions. However, the inter­
action of N and pH showed significant responses for these 
plant parts (Tables 23 and 24). The weights of the stems and 
pods were unaffected by the foliar treatments and are re­
ported in Table 25. 
The weights of the leaves on the plants were relatively 
constant from R5 to 14 days after R5 (Table 23). Average 
weights of leaves during this period varied from 1860 to 
2270 kg/ha, averaging about 2120 kg/ha. The leaf weights 
decreased slowly until 2l days after R5, then decreased 
rapidly to 36 days after R5. Average leaf weights 36 days 
after R5 varied between 610 and 960 kg/ha with the plants 
sprayed with the foliar solutions at pH 5.4 generally retain­
ing more leaves on the plant than the plants sprayed with pH 
3.7 solutions. 
Table 22. The analysis of variance of the dry weights of the soybean plant parts 
for harvests 2 to 6 as influenced by the pH and the N rate of the 
foliar solutions, 1978 
Model MS F MS F MS F 
Leaves Petioles Beans 
BLK 2 139,992 4.00* 42,750 8.24** 53,909 0.84 
TRT 6 37,718 11,950 149,079 
Control 
vs NPKS 1 30 <0.01 32,448 6.26* 46,729 0.72 
NL 1 5,292 0.15 91 0.02 185,505 2.87 
NQ 1 12,619 0.36 8,281 1.60 181,618 2.81 
pH 1 14,168 0.41 2,404 0.46 172,578 2.67 
NL*pH 1 66,157 1.89 24,210 4.67+ 302,419 4.69+ 
NQ*pH 1 128,045 3.66+ 4,268 0.82 5,625 0.09 
Error (a) 12 34,980 5,186 64,546 
HAR 3 7,844,995 589,517 60 ,810,643 
HL 1 21,286,063 557.82** 1,657,346 188.15** 131 ,832,497 1349.95** 
HQ 1 2,236,547 58.71** 96,295 10.93** 45 ,914,986 470,16** 
Remainder 1 12,377 0.32 14,911 1.69 4 ,684,447 47.97** 
TRT*HAR 18 40,287 1.06 9,650 1.10 98,604 l.Ol 
Error (b) 42 38,160 8,809 97,658 
Stems 
BLK 2 550,322 7.93** 
TRT 6 71,322 
Control 
vs NPKS 1 2,221 0.03 
NL 1 8,307 0.12 
NQ 1 60,133 0.87 
pH 1 101,405 1.46 
NL*0î 1 181,940 2.62 
NQ*pH 1 75,399 1.09 
Error (a) 12 69,399 1.09 
HAR 4 1,071,116 
HL 1 3,715,273 1.07 
HQ 1 38,923 1.07 
Remainder 2 157,133 4.32* 
TRT*HAR 24 45,077 1.24 
Error (b) 56 36,379 
Pods Fallen 
3,662 0. 08 
13,952 
61,173 1. 42 
62 <0. 01 
16,150 0. 38 
1,538 0. 04 
75 <0. 01 
4,712 0. 11 
42,993 
211,103 
1,616 0. 06 
549,384 20. 25 
146,705 5. 41 
22,321 0. 82 
27,136 
5,791 2.08 
8,207 
1,553 0.56 
4,699 1.69 
609 0.22 
3,109 1.12 
228 0.08 
39,043 14.05** 
2,779 
3,187,528 
11,395,273 1731.56** 
1,199,730 182.30** 
77,554 11.78** 
17,891 2.72** 
Table 23. The dry weights of the soybean leaves and petioles at the different 
harvests as influenced by the pH and the N rate of the foliar solutions, 
1978 
Days Nitrogen rates (kg/ha ) 
Harvest iSagï Ett-3J 
no. R5 None 11 22 33 11 22 33 Avg 
Leaves (kg/ha) 
1 0 2274 2171 2240 2135 2208 2331 2268 2232 
2 7 2198 1979 2067 2118 1987 2237 2014 2086 
3 14 2022 2053 1958 2181 2075 2270 1862 2060 
4 21 1834 1920 1805 1783 1757 1766 1682 1793 
5 36 666 609 675 860 913 821 960 786 
Mean HAR 2-5 1685 1640 1626 1735 1683 1774 1630 
Petioles (ka/ha) 
1 0 1162 1060 1109 1100 1071 1178 1093 1110 
2 7 1131 923 992 981 954 1024 1035 1006 
3 14 999 973 962 1039 1118 973 926 999 
4 21 923 927 893 934 868 880 814 890 
5 36 680 620 534 679 695 637 682 647 
Mean HAR 2-5 933 861 845 908 906 879 864 
Table 24, The dry weights of the soybean fallen materials and beans at the differ­
ent harvests as influenced by the pH and the N rate of the foliar solu­
tions, 1978 
Days Nitrogen rates (kg/ha) 
Harvest ZtagS 
no. R5 None 11 22 33 11 22 33 Avg 
Beans (kg/ha) 
1 0 — — — — - - - — 
2 
3 
7 
14 1040 982 1088 902 967 950 1147 lOll 
4 21 1584 2261 1758 1994 2193 1955 2206 1993 
5 36 4776 4726 4322 4310 4522 4507 4505 4524 
6 59 4091 4323 4015 3948 4534 4293 4282 4213 
Mean HAR 3-6 2873 3074 2808 2791 3001 2930 3035 
Fallen ( kg/ha ) 
1 0 334 388 274 276 336 424 319 336 
2 7 106 93 237 167 135 119 173 147 
3 14 119 162 138 157 138 187 173 153 
4 21 85 126 131 145 106 95 88 111 
5 36 543 519 419 390 382. 469 369 442 
6 59 1080 1064 758 1038 1136 1166 985 1032 
Mean HAR 2-6 1933 1966 1683 1897 1897 2036 1789 
Table 25. The dry weights of the soybean stems and pods at the different harvests 
as influenced by the pH and N rate of the foliar solutions, 1978 
Nitrogen rate (kg/ha) 
pH 3.7 PH 5.4 
11 22 33 11 22 3 Avg 
Days 
after 
Harvest stage 
no. R5 None 
Stems (kg/ha) 
1 0 2370 2318 2351 2261 2353 2581 2551 2398 
2 7 2677 2421 2577 2679 2534 2620 2635 2592 
3 14 2454 2470 2686 2692 2902 2780 2377 2623 
4 21 2383 2530 2431 2354 2391 2368 2361 2402 
5 36 2456 2408 2149 2360 2494 2543 2324 2391 
6 59 2052 1886 2055 2062 2076 2333 2032 2071 
Mean HAR 2-6 2405 2343 2380 2430 2479 2529 2346 
Pods (kg/ha) 
1 0 570 604 571 619 679 566 579 598 
2 7 1161 1344 1325 1470 1457 1457 1467 1383 
3 14 1332 1426 1347 1451 1434 1321 1359 1382 
4 21 1298 1431 1630 1383 1343 1365 1467 1417 
5 36 1702, 1593 1497 1549 1622 1582 1550 1585 
6 59 1297 1331 1273 1293 1373 1284 1385 1320 
Mean HAR 2—6 1358 1425 1414 1429 1445 1402 1446 
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Small positive and negative curvilinear responses to 
increasing N levels were observed in the leaf weights for the 
solutions with pH 5.4 and 3.7, respectively. This is shown 
by the NQ*pH interaction. Leaf burn contributed to this 
interaction as a greater degree of leaf burn was detected on 
plants sprayed with pH 3.7 solutions and solutions contain­
ing the higher N rates. 
The weights of the petioles were reduced by the applica­
tions of the foliar sprays, as reported in Table 23. Most of 
this reduction occurred at the sampling seven days after R5, 
where the petioles from the foliar-sprayed plants weighed 
between 920 and 1030 kg/ha, as compared to 1130 kg/ha for the 
nonsprayed plants. The petiole weights steadily declined 
until 35 days after R5 when the average dry weights were 
about 650 kg/ha. The petiole weights of plants sprayed with 
solutions at pH 3.7 increased as N level increased. However, 
petiole weights of plants sprayed with solutions at pH 5.4 
decreased as N levels increased. These small positive and 
negative linear increases at the different pH levels are 
shown by the NL*pH interaction for petioles. 
Dry weights of the fallen materials were not influenced 
by the main effects, N rate and solution pH (Table 24). The 
large amount of fallen material present at the first sampling 
represents all the material collected in the cheesecloth nets 
between installation and the first sampling. Weights of fal­
len materials at harvests 2, 3 and 4 varied from 90 to 190 
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kg/ha and the accumulation from nonsprayed plants during 
this period generally was less than the accumulations from 
foliar-sprayed plants. The accumulations of fallen materi­
als rapidly increased at the sampling 36 days after R5, with 
amounts accumulating in the nets ranging from 380 to 540 
kg/ha. At maturity, the weights of the fallen materials col­
lected in the nets varied between 760 and 1170 kg/ha. As the 
N levels of the foliar solutions increased, there was a nega­
tive curvilinear response in weights of fallen materials 
associated with plants sprayed with the pH 3.7 solution and 
a positive curvilinear response in weight of fallen materials 
sprayed with pH 5.4 solutions. These significant trends are 
shown by the NQ*pH interaction. 
Bean weights from plants sprayed with the foliar sprays 
were not influenced by the N rate or by the pH of the solu­
tions (Table 24). The weight of beans 14 days after R5 ranged 
from 900 to 1150 kg/ha, averaging about lOlO kg/ha. One week 
later, the bean weights had greatly increased and varied be­
tween 1580 and 2260 kg/ha, with the smallest bean weight re­
flecting the yield from the nonsprayed plants. At harvest 5, 
bean weights ranged from 4320 to 4780 kg/ha, double the 
weight at harvest 4, with the nonsprayed plants recording 
the largest yields. An abnormal reduction in the dry weights 
of beans occurred between 36 and 59 days after R5 for all 
treatments except the 11 kg/ha application of N at pH 5.4. 
There seems to be no plausible explanation for the occurrence 
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of losses of this magnitude. 
The stem and pod weights were not influenced by the 
NPKS treatments, N rates or solution pH (Table 25). Stem 
weights were constant from R5 to 36 days after R5, ranging 
from 2200 to 2700 kg/ha. However, from 36 days after R5 to 
maturity the stem weights decreased by approximately 10%. 
Pod weights varied from 570 to 680 kg/ha at R5, in­
creased for the next four samplings, then decreased to an 
average between 1270 and 1380 kg/ha at maturity. 
The average accumulation of dry weight for each plant 
part is illustrated in Figure 10. At maturity, about 40% of 
the dry weight of the soybean plant was associated with the 
weight of beans (Figure 11). 
B. Nitrogen (N) 
The N concentrations of the different plant parts— 
leaves, petioles, stems, pods, beans and fallen material— 
at the six harvests between stage R5 and maturity are re­
ported in Appendix Table 45. The analysis of variance (Table 
26) indicates the N concentrations of all plant parts were 
influenced by the foliar treatments. The plants sprayed with 
NPKS had a greater N concentration in the plant parts than 
did nonsprayed plant parts as shown in Figures 12 and 13. At 
maturity, about 80% of N in the soybean plant was found in 
the beans, most of the remaining N was in the fallen material 
(Figure 14). 
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Figure 10, The average dry weights of the soybean plant parts 
from stage R5 to maturity, 1978 
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Figure 11. The average cumulative dry weights of the soybean 
plant parts from stage R5 to maturity, 1978 
Table 26, The analysis of variance of the N concentrations of the soybean plant 
parts for harvests 2 to 6 as influenced by the pH and N rates of the 
foliar solutions, 1978 
Model df MS F MS F MS 
Leaves Petioles Beans 
BLK 2 0.2458 6.59* 0.0602 2.38 0.0098 21.79** 
TRT 6 0.3358 0.4886 0.1033 
Control vs NPKS 1 1.1372 30.51** 0.1984 7.83* 0.5487 21.79** 
NL 1 0.5896 15.82** 0.0817 3.22+ 0.6604 26.22** 
NQ 1 0.0576 1.55 0.0021 0.09 0.0002 0.01 
pH 1 0.1741 4.67* O.OOOl 0.01 O.OlOO 0.40 
NL*pH 1 0.0102 0.27 0.0040 0.16 0.0180 0.72 
NQ*iai 1 0.0462 1.24 0.0051 0.20 0.0021 0.08 
Error (a) 12 0.0373 0.0254 0.0252 
HAR 3 42.8338 1.6458 0.7031 
HL 1 120.1497 3037.83** 4.3563 317.96** 1.4167 70.51** 
HQ 1 8.3491 211.10** 0.5810 42.41** 0.1323 6.58* 
Remainder 1 0.0026 0.07 0.0001 0.01 0.5603 27.89** 
TRT*HAR 18 0.0522 1.32 0.0183 0
0 CO H
 0.0279 1.39 
Error (b)  42 0.0396 0.0137 0.0201 
Stems Pods Fallen 
BLK 2 0.0360 1.96 0.2829 5.07* 0,0796 1.12 
TRT 6 0.0342 0.2293 0.4923 
Control vs NPKS 1 0.1418 7.70* 0.5748 10.30** 1.4843 20.80** 
NL 1 0.0256 1.39 0.0968 1.73 1.1482 16.09** 
NQ 1 <0.0001 <0.01 0.1212 2.17 0.0004 0.01 
PH 1 0.0053 0.29 0.2486 4.45+ 0.0006 0.01 
NL*pH 1 0.0308 1.68 0.3096 5.55* 0.2356 3.30+ 
NQ*pH 1 0.0016 0.09 0.0247 0.44 0.0845 1.18 
Error (a) 12 0.0184 0.0558 0.0714 
HAR 4 7.3747 41.6625 1.8471 
HL 1 24.8573 2382.55** 138.0929 2339.33** 3.9373 79.32** 
HQ 1 2.0494 196.43** 24.4895 482.62** 2.5921 52.22** 
Remainder 2 1.2960 124.22** 0.0315 0.53 0.4295 8.65** 
TRT*HAR 24 0.1086 1.73 0.0518 0.88 0.0673 1.36 
Error (b) 56 0.0104 0.0590 0.0496 
+,*,**Significant at the 10, 5, and 1% levels, respectively. 
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Figure 12. The N concentrations in the beans, leaves, pods and 
stems of the NPKS-sprayed and nonsprayed soybean 
plants, 1978 
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Figure 13, The N concentrations in the fallen materials and 
petioles of the NPKS-sprayed and nonsprayed soybean 
plants, 1978 
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Figure 14. The average N content of the soybean plant parts 
from stage R5 to maturity, 1978 
The NPKS solutions, N levels and solution pH influenced 
the N concentrations in the leaves. As the N level in the 
foliar solutions sprayed on the plants increased, the N con­
centration in the leaves increased (Table 27). Also, plants 
sprayed with pH 5.4 solutions contained a greater N concen­
tration in the leaves than plants sprayed with pH 3.7 solu­
tions. The leaf N concentrations generally varied between 
5.1 and 5.7% N during the first three samplings, with the 
NPKS-sprayed plants containing slightly more N than the non-
sprayed plants. The percent N in the leaves declined at the 
fourth sampling with values ranging from 4.4 to 5.1% N. The 
largest decline in N concentrations of the leaves occurred 
between 21 and 35 days after R5, when the concentrations 
varied between 2.1 and 2.6% N. At the last two samplings, 
the percent N of leaves from control plants were approximately 
0.5% lower than N levels in leaves of NPKS-sprayed plants. 
The N percentages in the petioles were influenced by 
the NPKS solutions and the N levels of the solutions, but the 
solution pH exhibited no effect on the N concentrations of the 
petioles. During the first four samplings the N concentra­
tions of petioles varied between 1.0 and 1.4% N, with the 
petioles of plants sprayed with NPKS generally possessing 
the higher N concentrations (Table 27). The petioles of non-
sprayed plants contained 0.53% N at harvest 5, while the 
petioles from NPKS-sprayed plants contained between 1.05 and 
1.15% N. The data indicate"-' that as the N level increased in 
Table 27. The N concentrations of the soybean leaves and petioles at the differ­
ent harvests as influenced by the pH and N rates of the foliar solutions, 
1978 
Days Nitrogen rates (ka/ha) 
Harvest 
after 
stage DH 3.7 PH 5.4 
no. R5 None 11 22 33 11 22 33 Avg 
Leaves ( {% N) 
1 0 5.46 5.41 5.35 5.44 5.10 5.20 5.20 5.31 
2 7 5.39 5.59 5.62 5.53 5.55 5.70 5.77 5.59 
3 14 5.07 5.41 5.17 5.51 5.31 5.34 5.52 5.33 
4 21 4.47 4.43 4.57 5.08 4.70 4.81 5.12 4.74 
5 36 2.06 2.34 2.46 2.65 2.56 2.64 2.49 2.46 
Mean HAR 2-5 4.24 4.44 4.45 
Petioles 
4.69 
{% N) 
4.53 4.62 4.72 
1 0 1.21 1.18 1.15 1.21 1.21 1.37 1.21 1.22 
2 7 1.13 1.22 1.30 1.39 1.22 1.22 1.30 1.25 
3 14 1.05 1.30 1.28 1.29 1.21 1.39 1.24 1.25 
4 21 1.13 1.05 1.19 1.28 1.04 1.10 1.23 1.15 
5 36 0.53 0.63 0.60 0.64 0.76 0.78 0.72 0.67 
Mean HAR 2-5 0.96 1.05 1.09 1.15 1.06 1.12 1.12 
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the foliar solutions, the percent N in the petioles of plants 
sprayed with these solutions also increased. 
The N concentrations of the fallen materials are re­
ported in Table 28. In general, the N concentrations of the 
fallen materials for harvests 2 and 3 varied between 1.8 and 
2.4% N. The N concentrations of the fallen materials at the 
fourth sampling ranged from 2.1 to 2.6% N. Percent N in the 
fallen materials declined for the next two samplings, with 
values ranging from 1.5 to 1.8% at maturity. At all harvests 
the percent N in the fallen material remained higher when the 
plants were sprayed with the foliar solutions than when plants 
were not sprayed. The pattern of decreasing N concentration 
of the fallen material as maturity approached was similar to 
the patterns established for the percent N in the leaves and 
petioles. As the N level of the foliar solutions increased, 
the percent N in the fallen material increased. 
The stems of plants sprayed with the foliar solutions 
generally possessed higher N concentrations than stems of non-
sprayed plants (Table 28), The N concentrations of stems at 
7 and 14 days after R5 varied between 1.4 and 1.9% N. The 
percent N in the stems gradually declined between the third 
and fourth sampling, decreased markedly during the next two 
weeks, then remained relatively constant to maturity. Stem 
concentrations at maturity varied between 0.4 and 0.6% N. 
The pods of plants sprayed with NPKS solutions contained 
greater N concentrations than pods from nonsprayed plants 
Table 28, The N concentrations of the soybean fallen materials and stems at the 
different harvests as influenced by the pH and N rates of the foliar 
solutions, 1978 
Days Nitrogen rates (kg/ha) 
Harvest 
no. R5 None 11 22 33 11 22 33 Avg 
Fallen (% N) 
1 0 1.61 1.72 1.77 1.82 1.87 1.82 1.80 1.77 
2 7 1.77 2.45 2.01 2.21 2.10 2.39 2.40 2.19 
3 14 1.86 2.20 2.22 2.11 2.01 2.05 2.31 2.11 
4 21 2.22 2.53 2.39 2.56 2.07 2.63 2.65 2.43 
5 36 1.80 1.88 2.19 2.61 2.10 2.26 2.51 2.20 
6 59 1.44 1.46 1.74 1.80 1.43 1.69 1.84 1.63 
Mean HAR 2-6 1.82 2.10 2.11 2.26 1.94 2.20 2.34 
Stems {% N) 
1 0 1.50 1.63 1.46 1.39 1.50 1.48 1.48 1.49 
2 7 1.58 1.69 1.86 1.74 1.70 1.69 1.77 1.72 
3 14 1.40 1.65 1.64 1.65 1.59 1.67 1.57 1.60 
4 21 1.42 1.34 1.36 1.60 1.26 1.29 1.34 1.37 
5 36 0.42 0.49 0.44 0.48 0.62 0.55 0.48 0.50 
6 59 0.43 0.43 0.51 0.56 0.55 0.55 0.55 0.51 
Mean HAR 2-6 1.05 1.12 1.16 1.21 1.14 1.15 1.14 
Table 29. The N concentrations of the soybean pods and beans at the different 
harvests as influenced by the pH and N rates of the foliar solutions, 
1978 
Nitrogen rates (ka/ha) 
pH 3.5 pH 5.4 
11 22 33 11 22 33 Avg 
Beans (% N) 
3 14 6.76 6.86 6.90 7.17 6.95 6.93 6.95 6.93 
4 21 6.85 6.88 7.24 7.14 6.94 6.97 7.11 7.02 
5 36 6.38 6.54 6.62 6.91 6.57 6.70 6.90 6.66 
6 59 6.49 6.51 6.64 6.67 6.61 6.83 6.90 6.67 
Mean HAR 3-6 6.62 6.70 6.85 6.97 6.77 6.86 6.97 
Pods (% N) 
1 0 3.62 3.82 3.67 3.80 3.69 3.81 3.83 3.75 
2 7 4.06 3.93 4.01 4.04 4.20 4.35 4.38 4.14 
3 14 2.60 2.93 3.06 3.32 3.21 3.16 3.02 3.04 
4 21 1.94 1.91 2.33 2.15 2.12 2.11 2.04 2.09 
5 36 0.80 0.89 0.86 1.08 1.16 1.25 0.90 0.99 
6 59 0.74 0.65 0.81 0.84 0.74 0.97 0.79 0.80 
Mean HAR 2-6 2.03 2.06 2.22 2.29 2.29 2.37 2.22 
Days 
after 
Harvest stage 
no. R5 None 
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(Table 29). Beans were not removed from the pods for the 
first two samplings. When beans were removed at 14 days 
after R5, the N concentration of the pod samples dropped 
markedly. At each of the next two harvests the pod N per­
centage decreased successively by about 1%. The pods con­
tained between 0.7 and 1.0% N at maturity. Pods from plants 
sprayed with the pH 3.7 solutions contained lower N percent­
ages than pods from plants sprayed with pH 5.4 solutions. 
At pH 3.7 the N concentrations of the pods increased as the 
N level in the solution increased, while the pod N concen­
tration decreased as the N rate increased at pH 5.4. 
The N concentrations of the beans varied from 6.5 to 
7.2% N, with the NPKS-sprayed plants producing beans with 
slightly higher N percentages than nonsprayed plants (Table 
29). When the N rate in the foliar solutions increased from 
11 to 33 kg/ha/application, the percent N increased in the 
bean. The general trend for all treatments was a decline in 
the percent N of the bean as maturity approached. 
C. Phosphorus (P) 
The P concentrations of the different plant parts— 
leaves, petioles, stems, beans and fallen materials—at the 
six harvests between stage R5 and maturity are reported in 
Appendix Table 45. The analysis of variance (Table 30) indi­
cates the P concentrations of all plant parts were influenced 
by the application of NPKS, by the N rate in the foliar 
Table 30. The analysis of variance of the P concentrations of the soybean plant 
parts for harvests 2 to 6 as influenced by the pH and the N rates of the 
foliar solutions, 1978 
Model df MS F MS F MS 
Leaves Petioles Beans 
BLK 2 0.0028 8.39** 0.0025 1.78 0.0020 1.65 
TRT 6 0.0046 0,0038 0.0019 
Control vs NPKS 1 0.0254 75.97** 0.0039 2.76 0.0014 1.14 
NL 1 0.0011 3.29+ 0.0114 8.10* 0.0054 4.41+ 
NQ 1 0.0003 0.75 0.0002 0.13 0.0001 0.01 
pH 1 0.0005 1.34 0.0068 4.83* 0.0003 0.22 
NL*pH 1 0.0006 1.80 0.0007 0.48 0.0035 2.85 
NO*pH 1 0.0001 0.17 0.0001 0.03 O.OOlO 0.77 
Error (a) 12 0.0003 0.0014 0.0012 
HAR 3 0.0902 0.0391 0.0059 
HL 1 0.2448 457.05** O.lOll 188.29** 0,0011 2.33 
HQ 1 0.0255 47.59** 0.0151 28.06** 0.0037 7.64** 
•Remainder 1 0.0003 0.49 0.0012 2.22 0.0128 26.15** 
TRT*HAR 18 0.0005 0.94 0,0007 1.25 0.0003 0.63 
Error (b) 42 0.00054 0.00054 0.00049 
Stems Pods Fallen 
BLK 2 0.0025 1.02 0.0073 8.07** 0.0025 1.05 
TRT 6 0.0050 0.0012 0.0140 
Control vs NPKS 1 0.0076 3.08 0.0038 4.24+ 0.0767 31.88** 
NL 1 0.0099 4.00+ 0.0006 0.67 0.0003 0.12 
NQ 1 0.0001 0.02 0.0001 0.03 O.OOlO 0.43 
PH 1 0.0050 2.02 0.0011 1.19 0.0023 0.94 
NL*pH 1 0.0062 2.51 0.0016 1.78 0.0023 0.95 
NQ*fH 1 0.0016 0.63 0.0003 0.33 0.0014 0.60 
Error (a) 12 0.0025 0.0009 0.0024 
HAR 4 0.1406 0.5319 0.0454 
HL 1 0.5026 1293.45** 1.8907 1885.76** 0.0181 29.98** 
HQ 1 0.0160 41.15** 0.2274 226.85** 0.1602 265.33** 
Remainder 2 0.0219 56.26** 0.0047 4.68* 0.0016 2.62+ 
TRT*HAR 24 0.0009 2.42** 0.0010 0.95 0.0019 
Error (b) 56 0.00039 0.0010 0.0006 
+,*,**Significant at the 10, 5, and 1% levels, respectively. 
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solution, or by the pH of the solutions. 
The leaves, pods and fallen materials from foliar-
sprayed plants maintained higher P concentrations during the 
seed-filling period than did the same plant parts from non-
sprayed plants. The responses of P concentrations of these 
three plant parts are illustrated in Figures 15 and 15. At 
maturity about 75% of the P in the soybean plant was located 
in the beans as shown in Figure 17. 
The percent P in the petioles was not affected by the 
NPKS solutions, but responded significantly to the N levels 
and the pH of the solutions. The concentrations of P in the 
beans and stems were affected by the N rates of the NPKS 
solutions. 
The percentages of P in the leaves were influenced by 
the NPKS solutions and the N levels of the solutions, but not 
by the solution pH. From stage R5 to 14 days after R5, the 
concentrations of P in the leaves of foliar-sprayed plants 
were relatively constant at 0.38 to 0.41% P, while the con­
centrations declined from 0.40 to 0.34% P in the leaves of 
nonsprayed plants (Table 31). The P in the leaves of non-
sprayed plants decreased much faster at 21 and 36 days after 
R5, with concentrations of 0.31 and 0.19% P, respectively. 
The percent P in the leaves of the foliar-sprayed plants 
consistently remained higher than the p concentration of 
leaves from nonsprayed plants during the last two samplings. 
The P concentrations of the foliar-sprayed leaves varied 
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Figure 16. The P concentrations in the pods and fallen 
materials of the NPKS-sprayed and nonsprayed soy­
bean plants, 1978 
93 
Days after stage R5 
Figure 17. The average P content of the soybean plant parts 
from stage R5 to maturity, 1978 
Table 31. The P concentrations of the soybean leaves and petioles at the different 
harvests as influenced by the pH and the N rates of the foliar solutions, 
1978 
Days Nitrogen rate (ka/ha) 
Harvest Sage 
no. R5 None 11 22 33 11 22 33 Avg 
Leaves (% P) 
1 0 0.40 0.46 0.40 0.39 0.39 0.41 0.39 0.41 
2 7 0.35 0.40 0.38 0.39 0.39 0.39 0.39 0.38 
3 14 0.34 0.39 0.39 0.40 0.38 0.49 0.38 0.38 
4 21 0.31 0.33 0.34 0.39 0.36 0.35 0.38 0.35 
5 36 0.19 0.24 0.25 0.25 0.26 0.27 0.25 0.24 
Mean HAR 2-5 0.30 0.34 0.34 0.36 0.35 0.35 0.35 
Petioles (% P) 
1 0 0,22 0.23 0.23 0.22 0.22 0.26 0.19 0.22 
2 7 0.20 0.23 0.23 0.22 0.24 0.24 0.21 0.22 
3 14 0.18 0.23 0.23 0.20 0.23 0.24 0.22 0.22 
4 21 0.21 0.21 0.19 0.19 0.25 0.24 0.20 0.21 
5 36 0.13 0.14 0.11 0.10 0.19 0.14 0.12 0.13 
Mean HAR 2-5 0.18 0.20 0.19 0.18 0.23 0.21 0.19 
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between 0.33 and 0.38% p 21 days after R5 and continued to 
decrease to levels between 0.24 and 0.27% P at 35 days 
after R5. 
Nitrogen levels and pH of the solutions influenced the 
percent P in petioles of foliar-sprayed plants. Phosphorus 
concentrations of petioles of both nonsprayed and foliar-
sprayed plants were essentially constant from stage R5 to 
21 days after R5, with values between 0.18 and 0.25% P. The 
P percentages in the petioles were much lower at the fifth 
sampling, with values varying from O.lO to 0.19% P. 
The N rates influenced the petiole P concentrations. 
The percent P in the leaves decreased as the N rate increased. 
This trend was most evident at the last two samplings. 
The P concentrations in the fallen materials from NPKS-
sprayed plants gradually increased from R5 to 21 days after 
R5, remained relatively constant between 21 and 36 days after 
R5, then decreased sharply to maturity. The average P con­
centration of the fallen material from NPKS-sprayed plants 
at R5, 36 days after R5, and at maturity were approximately 
0.15, 0.30 and 0.20% P, respectively (Table 32). The P 
concentrations of the nonsprayed fallen materials at stage 
R5, 21 days after R5, and at maturity were O.ll, 0.25 and 
0.17% P, respectively. Most of the difference detected in 
the P concentrations of the fallen materials of sprayed and 
nonsprayed plants occurred between 7 and 36 days after R5. 
The percentages of P in the stems for all treatments and 
Table 32, The P concentrations of the soybean fallen materials and stems at the 
different harvests as influenced by the pH and the N rates of the foliar 
solutions, 1978 
Harvest 
no. 
Days 
after 
stage 
R5 
Nitroaen rate (ka/ha) 
Avg None 
dH 3.7 dH 5.4 
11 22 33 11 22 33 
Fallen (% P) 
1 0 0.11 0.13 0.13 0.16 0.18 0.16 0.15 0.15 
2 7 0.16 0.26 0.19 0.20 0.22 0.25 0.23 0.22 
3 14 0.19 0.27 0.29 0.28 0.28 0.29 0.31 0.27 
4 21 0.25 0.33 0.32 0.28 0.27 0.33 0.30 0.30 
5 36 0.17 0.27 0.31 0.33 0.31 0.32 0.34 0.29 
6 59 0.17 0.19 0.20 0.20 0.20 0.31 0.20 0.19 
Mean HAR 2-6 0.19 0.26 0.26 0.26 0.26 0.28 0.27 
Stems (% P) 
1 0 0.22 0.26 0.25 0.22 0.25 0.25 0.24 0.24 
2 7 0.22 0.24 0.25 0.27 0.27 0.25 0.22 0.25 
3 14 0.18 0.23 0.22 0.21 0.23 0.23 0.23 0.22 
4 21 0.19 0.20 0.19 0.21 0.24 0.24 0.20 0.21 
5 36 0.07 0.09 0.06 0.06 0.15 0.13 0.05 0.09 
6 59 0.06 0.07 0.06 0.06 0.10 0.07 0.06 0.07 
Mean HAR 2-6 0.15 0.17 0.16 0.16 0.20 0.19 0.15 
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harvests are reported in Table 32. Generally, the percent P 
in the stems decreased slowly from stage R5 to 21 days after 
R5, abruptly declined between 21 and 36 days after R5, then 
remained relatively constant to maturity. Stem materials 
from the nonsprayed plants averaged 0.22, 0.22, 0.18, 0.19, 
0.07 and 0,6% P at samplings one to six, respectively. The 
data indicate a slight trend of decreasing percent P in the 
stems as the N rate increased in the foliar solutions. 
Pods from NPKS-sprayed plants contained a slightly higher 
P concentration between R5 and 14 days after R5 than pods 
from nonsprayed plants (Table 33). From 14 days after R5 
to maturity there was little difference in the P level in 
pods of sprayed and nonsprayed plants. 
The P concentrations in the pods decreased gradually 
until 21 days after R5, decreased sharply between 21 and 36 
days after R5, then remained relatively constant to maturity. 
This is a pattern similar to the P concentration in the 
stems. At maturity the P concentration of the pods varied 
between 0.05 and 0.09% P. 
Beans from sprayed and nonsprayed plants differed only 
slightly in P concentration during the seed-filling period 
(Table 33). The percent P in the beans of nonsprayed plants 
varied between 0.56 and 0.60% P, while beans from foliar-
sprayed plants contained from 0.56 to 0.62% P. The percent P 
in the beans decreased slightly as the N rate in the foliar 
solutions increased. This trend was more evident for the pH 
Table 33 . The P concentrations of the soybean pods and beans at the different 
harvests as influenced by the pH and N rates of the foliar solutions » 
1978 
Days Nitroaen rates (ka/ha) 
Harvest 
after PH 3.7 vH 5.4 stage 
no. R5 None 11 22 33 11 22 33 Avg 
Pods {% P) 
1 0 0.47 0.50 0.48 0.50 0.50 0.52 0.51 0.50 
2 7 0.43 0.44 0.44 0.45 0.47 0.48 0.46 0.45 
3 14 0.30 0.37 0.35 0.36 0.36 0.34 0.35 0.35 
4 21 0.29 0.25 0.28 0.26 0.27 0.28 0.26 0.27 
5 36 0.09 0.11 0.09 0.11 0.15 0.13 0.11 0.11 
6 59 0.07 0.08 0.09 0.08 0.07 0.08 0.05 0.07 
Mean HAR 2-6 0.24 0.25 0.25 0.25 0.26 0.26 0.25 
Beans P) 
3 14 0.59 0.61 0.60 0.62 0.62 0.61 0.59 0.61 
4 21 0.56 0.56 0.56 0.57 0.59 0.58 0.56 0.57 
5 36 0.60 0.59 0.58 0.58 0.62 0.61 0.57 0.59 
6 59 0.58 0.62 0.61 0.60 0.62 0.61 0.57 0.60 
Mean HAR 3-6 0.58 0.60 0.59 0.59 0.61 0.60 0.57 
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5.4 solutions than for the pH 3.7 solutions. 
D. Potassium (K) 
The K concentrations of the different plant parts— 
leaves, petioles, stems, pods, beans and fallen materials— 
at the six harvests between stage R5 and maturity for the 
different foliar treatments are reported in Appendix Table 
45. The analysis of variance (Table 34) indicates that the 
foliar NPKS solutions and the solution pH had significant 
effects on the K concentrations of leaves, petioles, stems 
and pods. The percentages of K in the beans and fallen 
material were not influenced by the foliar treatments, the 
N rates or the solution pH. Figures 18 and 19 show the K 
concentrations of the leaves, petioles, stems and pods of the 
foliar-sprayed plants were maintained at a higher level than 
plant parts from non-sprayed plants. At maturity, about 
55% of the K in the soybean plant was found in the beans, 
most of the remaining K was in the stems and fallen materials 
(Figure 20). 
Potassium concentrations in the leaves steadily declined 
from stage R5 to 36 days after R5 (Table 35). The greatest 
decline came between 21 and 36 days after R5, when the K 
concentrations of the leaves of nonsprayed plants dropped 
from 1.31 to 0.67% K. At the same samplings the K concentra­
tion of leaves sprayed with the foliar solutions varied 
from 1.36 to 1.65% K at 21 days after R5 and from 0.96 to 
Table 34, The analysis of variance of the K concentrations of the soybean plant 
parts for harvests 2 to 5 as influenced by the pH and N rates of the 
foliar solutions, 1978 
Model df MS F MS F MS 
Leaves Petioles Beans 
BLK 2 0.0244 0.20 0.3668 0.65 0.0032 0.22 
TRT 6 0.4003 1.2457 0.0043 
Control vs NPKS 1 1.3609 10.96** 3.0411 5.41* 0.0127 0.85 
NL 1 0.0169 0.14 0.0721 0.13 0.0016 0.11 
NQ 1 0.1122 0.90 0.5929 1.06 0.0011 0.07 
pH 1 0.9045 7.28* 3.5245 6.27* 0.0082 0.55 
NL*pH 1 0.0061 0.05 0.1141 0.20 0.0021 0.14 
NQ*pH 1 0.0012 0.01 0.1296 0.23 0.0001 0.01 
Error (a) 12 0.1242 0.5618 0.0150 
HAR 3 0.3947 4.4945 0.4945 
HL 1 0.9601 34.70** 12.8807 152.09** 0.8787 166.20* 
HQ 1 0.1121 4.05+ 0.4820 5.69* 0.9666 182.83* 
Remainder 1 0.1119 4.04+ 0.1207 1.43 0.0181 3.43+ 
TRT*HAR 18 0.0982 3.55** 0.0767 0.91 0.0057 1.08 
Error (b) 42 0.0277 0.0847 0.0053 
Stems Pods Fallen 
BLK 2 0.0393 0.17 0.0630 0.22 0.1775 0.73 
TRT 6 0.4407 0.5422 0.2012 
Control vs NPKS 1 1.0829 4.67* 1.6622 5.29* 0.6448 2.68 
NL 1 0.0355 0.15 0.4117 1.41 0.0406 0.17 
NQ 1 0.0347 0.15 0.0059 0.02 0.0007 0.01 
pH 1 1.2721 5.49* 1.1515 3.94+ 0.4914 2.01 
NL*pH 1 0.2136 0.92 0.0025 0.01 0.0147 0.06 
NQ*pH 1 0.0053 0.02 0.0194 0.07 0.0530 0.02 
Error (a) 12 0.2317 0.2923 0.2446 
HAR 4 4.3415 0.2680 4.5554 
HL 1 16.2422 423.52** 0.5982 10.10** 8.6818 178.58* 
HQ 1 0.5638 14.70** 0.0672 1.13 0.4952 10.19* 
Remainder 2 0.2799 7.30** 0.2033 3.43* 4.5223 93.02* 
TRT*HAR 24 0.0273 0.71 0.0266 0.45 0.0465 0.96 
Error (b) 56 0.0384 0.0592 0.0486 
+,*,**Significant at the 10, 5, and 1% levels, respectively. 
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Figure 20, The average K content of the soybean plant parts 
from stage R5 to maturity, 1978 
Table 35. The K concentrations of the soybean leaves and petioles at the different 
harvests as influenced by the pH and N rates of the foliar solutions, 
1978 
Nitrogen rate (kg/ha) 
pH 3.7 PH 5.4 
11 22 33 11 22 33 Avg 
Leaves {% K) 
1 0 1.53 1.62 1.78 1.58 1.80 1.79 1.79 1.70 
2 7 1.38 1.36 1.60 1.63 1.65 1.55 1.53 1.53 
3 14 1.25 1.43 1.73 1.41 1.69 1.93 1.75 1.60 
4 21 1.31 1.36 1.46 1.37 1.65 1.48 1.53 1.45 
5 36 0.67 1.46 1.08 0.96 1.45 1.75 1.58 1.28 
Mean HAR 2-5 1.15 1.40 1.47 1.34 1.61 1.70 1.60 
Petioles (% K) 
1 0 3.07 2.70 3ol6 2.70 2.93 3.24 2.47 2.90 
2 7 2.17 2.35 2.62 2.35 2.96 2.64 2.50 2.51 
3 14 1.80 2.18 2.72 2.24 2.64 2.93 2.75 2.46 
4 21 1.90 1.90 2.07 1.92 2.37 2.52 2.35 2.15 
5 36 0.91 1.22 1.40 1.21 2.07 2.02 1.73 1.51 
Mean HAR 2-5 1.69 1.91 2.20 1.93 2.51 2.53 2.34 
Days 
after 
Harvest stage 
no. R5 None 
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1,75% K at 36 days after R5. Leaves from foliar-sprayed 
plants maintained higher K concentrations than leaves from 
nonsprayed plants. This trend was especially evident at the 
fifth sampling. Leaves sprayed with foliar solutions at pH 
5,4 generally contained higher K concentrations than leaves 
from plants sprayed with foliar solutions at pH 3.7, 
The K concentrations of the petioles decreased at a rela­
tively constant rate between R5 and 21 days after R5. However, 
from 21 to 36 days after R5 the K concentrations of the peti­
oles declined sharply (Table 35), The K concentrations at 36 
days after R5 were 0,91% K in the petioles of nonsprayed plants, 
between 1,21 and 1,40% K for plants sprayed with solutions at 
pH 3,7 and varied from 1.73 to 2,07% K for plants sprayed with 
solutions at pH 5.4. The percent K in the petioles of plants 
sprayed with pH 3.7 solutions generally contained much less K 
than petioles of plants sprayed with solutions at pH 5,4, 
Potassium concentrations in the stems followed a trend 
similar to that of the petioles. There was a gradual decrease 
until 21 days after R5, a more abrupt decline between 21 and 
36 days after R5, then another gradual decline to maturity 
(Table 36), The foliar-sprayed plants had a higher K concen­
tration in the stems than did the stems of nonsprayed plants. 
This trend is very evident at maturity, where the nonsprayed 
plants contained 0,53% K in the stems, while the stems of 
foliar-sprayed plants had from 0.65 to 0.92% K, Stems from 
plants sprayed with NPKS solutions at gH 5,4 contained more K 
Table 35, The K concentrations of the soybean stems and pods at the different 
harvests as influenced by the pH and N rates of the foliar solutions, 
1978 
Days Nitrogen rate (kg/ha) 
Harvest %%% — 
no. R5 None 11 22 33 11 22 33 Avg 
Stems i% K) 
1 0 1.68 1.93 2.12 1.77 2.03 2.19 2.07 1.97 
2 7 1.55 1.66 1.71 1.83 2.11 1.88 1.80 1.79 
3 14 1.15 1.41 1.71 1.41 1.76 1.72 1.75 1.56 
4 21 1.37 1.32 1.31 1.38 1.67 1.73 1.59 0.48 
5 36 0.61 0.76 0.84 0.80 1.18 1.23 0.92 0.91 
6 59 0.53 0.65 0.69 0.73 0.92 0.80 0.74 0.72 
Mean HAR 2-6 1.04 1.16 1.25 1.23 1.53 1.47 1.36 
Pods (% K) 
1 0 2.63 2.87 2.90 2.79 2.91 2.84 2.88 2.83 
2 7 2.38 2.58 2.65 2.55 2.80 2.70 2.66 2.62 
3 14 2.13 2.44 2.49 2.33 2.62 2.52 2.69 2.46 
4 21 2.40 2.58 2.44 2.41 2.79 2.82 2.68 2.59 
5 36 2.03 2.35 2.30 2.17 2.70 2.57 2.48 2.37 
6 59 1.94 2.47 2.40 2.20 2.82 2.60 2.32 2.39 
Mean HAR 2-6 2.18 2.48 2.46 2.33 2.74 2.64 2.57 
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than stems from plants sprayed with pH 3.7 solutions, a trend 
also noted in the petioles. 
The pod K levels decreased from R5 to 14 days after R5, 
increased slightly at 21 days after R5, then decreased at a 
constant rate to maturity (Table 36). The percentages of K in 
the pods of the foliar-sprayed plants were consistently higher 
at all samplings than the K levels of pods from nonsprayed 
plants. At maturity the pods of nonsprayed plants contained 
1.94% K, while the pods of NPKS-sprayed plants contained be­
tween 2.20 and 2.82% K. Again, as with the leaves, petioles 
and stems, the pods contained higher concentrations of K when 
the solution's pH was 5.4 than when it was 3.7. 
The K concentrations of the fallen materials showed no 
consistent trend between R5 and maturity, except that the low­
est K concentrations were detected at maturity (Table 37). 
At maturity, the percent K in the fallen material varied from 
0.66 to 0.84% K. Foliar treatments had no effect on K concen­
trations of the fallen materials. 
Beans K levels were not influenced by the foliar treat­
ments (Table 37). The K concentrations of beans varied from 
2.32 to 2,48% K at 14 days after R5 and from 2.03 to 2.18% K 
at maturity. Bean K levels increased approximately 0.10% from 
36 days after R5 to maturity. 
Table 37, The K concentrations of the soybean fallen materials and beans at the 
different harvests as influenced by the pH and the N rates of the 
foliar solutions, 1978 
Days Nitrogen rate (kg/ha) 
Harvest 
after cH 3.7 bH 5.4 
stage 
no. R5 None 11 22 33 11 22 33 Avg 
Fallen (% K) 
1 0 1.14 1.18 1.18 1.25 1.77 1.41 1.47 1.34 
2 7 1.66 2.01 1.76 1.71 2.26 2.07 2.01 1.93 
3 14 1.03 1.22 1.27 1.36 1.43 1.28 1.32 1.27 
4 21 1.29 1.20 1.32 1.05 1.28 1.41 1.25 1.26 
5 36 1.31 1.58 1.73 1.79 1.92 1.81 1.93 1.72 
6 59 0.66 0.70 0.70 0.70 0.77 0.84 0.74 0.73 
Mean HAR 2-6 1.19 1.34 1.36 1.32 1.53 1.48 1.45 
Beans (% K) 
3 14 2.43 2.40 2.32 2.39 2.48 2.45 2.47 2.42 
4 21 2.17 2.17 2.20 2.19 2.22 2.21 2.20 2.19 
5 36 1.99 1.98 2.01 2.03 2.04 2.04 2.03 2.02 
6 59 2.03 2.18 2.17 2.12 2.14 2.08 2.06 2.11 
Mean HAR 3-6 2.16 2.18 2.18 2.18 2.21 2.19 2.19 
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E. Plant Height 
The plant heights at the six harvests between stage R5 
and maturity, as influenced by the foliar treatments, are 
reported in Table 39 and Appendix Table 46, The analysis of 
variance (Table 38) indicates that plant height was not 
affected by foliar NPKS sprays, N rates or pH of the solutions. 
The plant height, averaging approximately 122 cm, changed 
little during the sampling period. 
F, Pods Per Plant 
The numbers of pods per plant, as influenced by foliar 
treatments and harvest times, are reported in Table 39. The 
analysis of variance (Table 38) indicates pod number was in­
creased due to the NPKS sprays. However, N rate and solution 
pH did not affect pod numbers. The NPKS-sprayed plants aver­
aged about five more pods per plant than did the nonsprayed 
plants. The foliar sprays seemed to reduce the rate of pod 
abortion during the early reproductive stages, as noted by the 
greater numbers of pods on the NPKS-sprayed plants at harvests 
two and three. 
G. lOO-Bean Weight 
One hundred bean weights at maturity for the foliar 
treatments are reported in Table 40. The analysis of variance 
(Table 38) indicates the NPKS solutions and the solution pH had 
Table 38. The analysis of variance of soybean plant height 
and pods per plant for harvests 2 to 6, and 100-
bean weight, beans per pod and bean yields at 
maturity as influenced by the pH and N rates of the 
foliar solutions, 1978 
Plant height Pods per plant 
Model df MS F MS F 
BLK 2 129.06 4.15* 181.74 3.25+ 
TRT 6 16.19 108.97 
Control vs 
NPKS 1 5.16 0.17 512.10 9.16** 
NL 1 2.40 0.08 13.07 0.23 
NQ 1 5.00 0.16 77.36 1.38 
pH 11 3.21 O.lO 14.40 0.26 
NL*pH 1 32.27 1.04 8.07 0.14 
NQ*pH 1 49.09 1.58 28.80 0.52 
Error (a) 12 31.11 55.90 
HAR 4 69.88 165.77 
HL 1 7.15 0.44 520.46 12.27** 
HQ 1 39.85 2.44 0.29 O.Ol 
Remainder 2 116.26 7.11** 71.17 1.68 
TRT*HAR 24 10.95 0.67 38.34 0.90 
Error (b) 56 16.34 42.40 
+ ,*,**Signif icant 
respectively. 
at the 10, 
1 If) 1% levels. 
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lOO-bean -weight Beans per pod Bean yield at maturity 
MS F MS F MS F 
0.629 0.77 0.0069 0.35 167,600 2.18 
1.292 0.0156 125,248 
<0.0001 >0.01 0.0061 0.31 52,542 0.68 
5.2008 6.38* 0.0002 0.01 300,200 3.90+ 
0.5136 0.63 0.0617 3.07 56,327 0.73 
1.9339 2.37 0.0006 0.03 335,926 4.36+ 
0.0008 <0.01 0.0061 0.30 12,416 0.16 
0.1003 0.12 0.0191 0.95 75 <0.01 
0.318 0.0201 76,988 
Table 39. The soybean plant heights and pods per plant for harvests 2 to 6 as in­
fluenced by the pH and N rates of the foliar solutions, 1978 
Days Nitrogen rate (kg/ha ) 
Harvest stage ^ ^ 
no. R5 None 11 22 33 11 22 33 Avg 
Plant height (cm) 
1 0 119 117 120 119 122 123 122 120 
2 7 122 126 124 127 125 122 121 124 
3 14 121 122 119 123 123 126 118 122 
4 21 122 121 121 124 121 120 123 122 
5 36 125 123 124 125 127 129 125 126 
6 59 122 121 118 122 121 122 123 121 
Mean HAR 2-6 122 122 121 124 123 124 122 
Pods per Plant 
1 0 41 44 41 43 47 41 43 43 
2 7 47 62 57 57 53 60 56 55 
3 14 46 56 47 53 53 52 53 51 
4 21 45 50 50 54 65 54 58 54 
5 36 50 51 53 51 50 50 50 51 
6 59 44 53 48 48 47 47 50 48 
Mean HAR 2-6 47 54 50 52 54 53 53 
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Table 40. The lOO-bean weights, beans per pod and yield at 
maturity as influenced by the pH and N rates of 
the foliar solutions, 1978 
Nitrogen rate (ka/ha) 
pH 3 . 7  PH  5 . 4  
None 11 22 33 11 22 33 Avg 
19.7 20.2 
lOO-bean weight (a) 
19.0 18.9 20.8 19.9 19.4 19.7 
2.37 2.36 
Beans per pod 
2.29 2.32 2.35 2.18 2.40 2.32 
4091 4328 
Bean vield at maturity (ka/ha) 
4015 3948 4534 4294 4282 4213 
no influence on lOO-bean weights. As the N rates (11, 22 and 
33 kg/ha/application) increased the size of the beans de­
creased. The average bean size for all treatments was 19,7 
grams/lOO beans. 
H. Beans Per Pod 
The numbers of beans per pod at harvest six for all 
treatments are reported in Table 40. The analysis of variance 
(Table 38) indicates that the number of beans per pod was not 
influenced by the NPKS sprays, the N rates or the pH of the 
solutions. At maturity, the plants averaged 2.32 beans per 
pod. 
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I. Bean Yield at Maturity 
Bean yields at maturity for all treatments are reported 
in Table 40, The analysis of variance (Table 38) indicates 
that the NPKS solutions had no influence on bean yields. 
However, the bean yields were influenced by N rate and solution 
pH. As the N rate increased from 11 to 33 kg/ha/application, 
the bean yield decreased. This presumably was due to addi­
tional "leaf burn" at the high N rates. 
The plants sprayed with the pH 5.4 solutions yielded 
approximately 270 kg/ha more beans than the plants sprayed 
with pH 3.7 solut ions.  Again,  the larger yields at  pH 5,4 
are attributed to less "leaf burn" than occurred when soybean 
plants were sprayed with the pH 3.7 solutions. 
The 1978 soybean yields for the three reps of each treat­
ment are reported in Appendix Table 47. The data show the 
soybean yields varied considerably within each treatment. 
Using single degree of freedom comparisons, the yield of 
the control was compared to the yields of the plants foliar 
fertilized with solutions at pH 3.7 and 5.4. The F values for 
the control vs pH 3,7 (at N rates 11, 22 and 33 kg/ha/appli­
cation), and control vs 5,4 (at N rates 11, 22 and 33 kg/ 
ha/appl icat ion)  were 0,42,  0,17,  3.45,  5 .41,  0.62 and 0.96,  
respectively. These F values indicate there was no signifi­
cant difference in the bean yields of the controls and the 
foliar fertilized plants. 
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VII. DISCUSSION 
A. Dry Weights 
Two experiments conducted in 1977 and 1978 measured the 
influence of various foliar treatments applied during the 
seed-filling period on the dry weights of the leaves, petioles, 
fallen materials (primarily leaves and petioles), stems, pods, 
and beans. The dry weights of the plant parts generally were 
not affected by the foliar treatments. The only exception to 
this was the petiole weight in 1978 which was significantly 
reduced by the applications of the foliar solutions. 
The weights of leaves and petioles in both 1977 and 1978 
were relatively constant or decreased slightly from stage R5 to 
after R6, then decreased rapidly from after R6 to maturity, 
when essentially no leaves or petioles remained on the plants. 
The dry weights of the stems in both years continued to in­
crease from stage R5 to after R6, before declining slightly 
from after R6 to maturity. At stage R5, the dry weights of the 
stems were greater than the dry weights of the stems at maturi­
ty, The increase in dry weight of stems between R5 and after 
R6 is attributed to the storage of soluble carbohydrates in 
the stems. Late in the seed-filling period, when sink demands 
for carbohydrates are high, the stored carbohydrates are trans­
located from the stem to the seed, reducing the stem weights. 
Similar results were reported by Kollman et al, (1974) who 
found losses of carbohydrates from stems and petioles of soy­
117 
beans are associated with larger sink size. 
The fallen material began accumulating in the cheesecloth 
nets sometime prior to stage R5, since substantial amounts were 
present at R5, the first sampling. A low, relatively constant 
amount of fallen materials was collected from the nets beneath 
the plants during the pod-development period. Even though the 
plants were losing some leaves and petioles, the overall 
weights of leaves and petioles on the plants increased during 
this period. 
The weight of fallen materials accumulated at a much 
faster rate after R6, as most of the leaves and petioles were 
being abscised from the plants. The weight of fallen materials 
at harvest maturity was less than the total weight of leaves 
and petioles at the previous harvest. 
These results suggest the translocation of a portion of 
the dry matter from the vegetative tissues to the reproductive 
tissues. Hammond et al. (1951) concluded that the transloca­
tion of dry matter took place not only from the leaves, but also 
from the stem and root portions of the plant and was indicated 
by the fact that the weight of the fallen materials did not 
account for all the loss in weight from the vegetative parts 
of the plant. 
In 1977 and 1978, the weights of the pods gradually in­
creased until after stage R6, Then the pod weights declined 
abruptly in the 1977 experiment, but only gradually in the 
1978 experiment between R6-R7 and maturity. The bean weights 
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increased from R5 to harvest maturity except for the last 
sampling in the 1978 experiment. For some unexplained reason, 
bean weight decreased between the last two samplings in 1978. 
As the soybean plant grows and matures, there is a gen­
eral redistribution of the dry matter between the plant parts. 
The redistribution of dry matter is evident since the weights 
of the reproductive tissues continues to increase while the 
weights of the vegetative tissues are declining. These re­
sults agree with those of Hanway and Weber (1971a, b) who 
found increases in seed weights between stages 9 and 10 (R6 
and R7) were accompanied by decreases in the weights of the 
other plant parts. Other researchers, Hammond et al. (1951), 
Henderson and Kamprath (1970) and Harper (197l), have reported 
similar results. 
B. Nutrient Accumulations 
The total accumulation of N, P and K in the soybean plant 
general ly increased to a maximum between stage R6.5 and R7.0,  
then declined slightly to harvest maturity. Hanway (1976) re­
ported similar nutrient accumulation patterns. The N, p and 
K concentrations in the plant parts varied slightly between 
the nonsprayed and NPKS-sprayed plants in 1977 and 1978, 
However, the N, P and K concentrations found in this research 
agreed with the N, P and K concentrations reported by many 
other researchers (Wolfe et al., 1942j Hammond et al,, 1951; 
Ohlrogge, 1960j Henderson and Kamprath, 1970; Hanway and Weber, 
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1971c; Hanway, 1975; Pal and Saxena, 1975; Boote et al., 1978). 
Foliar NPKS solutions applied to soybean plants in 1977 
increased the N concentrations only in the leaves and beans. 
However, in 1978 the foliar solutions increased the N concen­
trations in all plant parts. The P concentrations of the 
leaves and fallen materials in both years, and of the pods 
in 1978, were increased by foliar fertilization. Foliar 
fertilization increased the K concentrations of all plant 
parts, except the fallen materials in both years and the beans 
in 1978. 
These results are not in agreement with the results pub­
lished by Parker and Boswell (1980), who found that foliar 
fertilization of soybeans in Georgia only increased the N 
levels in the seeds and the P levels in the leaves. 
When soybean plants were sprayed with the slightly acidic 
solutions, the N concentrations increased in the leaves, peti­
oles and pods, as did the K concentrations of the leaves, stems, 
petioles and pods. The P concentrations in the plant parts 
were not affected by the pH of the foliar solutions sprayed 
on the plants. 
In 1978 the 540 ml application of solution to each plot 
contained amounts of urea equivalent to 11, 22 and 33 kg/ha of 
N per application. As expected, the N concentrations of all 
plant parts increased as N levels increased in the foliar 
solutions. The P concentrations increased in the leaves, but 
decreased in the petioles, stems and beans when the N levels 
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were increased in the foliar solutions. The increased N 
levels in the solutions had no effect on the K concentrations 
in the plant parts. 
In 1977, the N, P and K levels in the leaves, petioles 
and stems decreased steadily from R5 to maturity. In 1978, 
the N, P and K concentrations declined steadily to about stage 
R6.5, then declined sharply to maturity. At maturity, the N, 
P and K contents of the vegetative tissues were only 15 to 
20% of what they were at stage R5, This indicates the plant's 
capacity to remobilize and translocate the N, P and K from 
vegetative tissue to the seed during the pod and seed-filling 
period, 
Hanway and Weber (1971c) had similar conclusions and ob­
served a late season decrease in N, P and K in all plant parts 
except the seed, Derman et al, (1978) observed the same pat­
terns as N from the leaves was redistributed into the seeds of 
Anoka soybeans. 
In 1977, the N and P levels in the fallen materials in­
creased from stage R5 to maturity, while the percent K remained 
relatively constant until about R6,5, then decreased to 
maturity. Approximately 15 to 20% of the total N, P and K in 
the plant at maturity was found in the fallen material, which 
agrees with the results of Hanway and Weber (197ld). 
Pod N and P levels gradually decreased from stage R5 to 
about R5, then decreased rapidly to maturity. Meanwhile, the 
pod K levels decreased very slightly between R5 and maturity. 
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For both years, P concentrations in the beans were rela­
tively constant during the seed-filling period, while the bean 
K concentrations decreased very slowly during the same period. 
The bean N concentrations increased in 1977 and decreased in 
1978 between R5 and maturity. At stage R5, about 20% of the 
total N, P and K in the plant was found in the reproductive 
tissue. However, by maturity about 80% of the N, P and K was 
located in the seed. 
C. Plant Height 
The height of the soybean plants averaged about 123 cm in 
both years. Plant heights were not affected by foliar treat­
ments in either year. As mentioned previously (see Materials 
and Methods for 1977), a severe thunderstorm late in July 1977 
caused lodging of the soybeans. The lodged plants were im­
mediately straightened and supported with nylon parachute line 
and the lodging apparently had little effect on plant height. 
D. Soybean Yield Components 
Soybean yields are a function of seed number and seed 
size. In these experiments, pods per plant and beans per pod 
were used to evaluate seed numbers and lOO-bean weight was the 
index for seed size. 
The numbers of beans per pod were similar both years and 
for the sprayed and nonsprayed plants. Beans per pod were not 
significantly influenced by foliar fertilization. 
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The number of pods per plant were significantly in­
creased in 1978 by the application of foliar fertilizer solu­
tions, but were unaffected by the foliar spraying in 1977. 
Spraying plants with the very acidic (pH 2.7) solutions in 1977 
reduced the number of pods per plant. However# plants sprayed 
with the slightly acidic (pH 5,4) solutions produced more pods 
per plant. This suggests that soybean yields may be enhanced 
by the use of a slightly acidic foliar solution and that very 
acidic solutions should be avoided. 
These results agree with those of Garcia and Hanway (1976) 
who reported that soybean yield increases were due to increases 
in numbers of seeds, not seed size. Egli (1975), Terman (1977) 
and Brevedan et al. (1978) all reported similar conclusions— 
that soybean yields were highly correlated to pod numbers 
(seeds).  
Bean size, as measured by lOO-bean weights, was much 
smaller than normally expected in 1977. Bean size was reduced 
even more with the applications of the foliar NPKS sprays. In 
1978, the beans were normal size. However, as the N level in 
the foliar solution increased, the bean size decreased. Leaf 
burn and subsequently smaller bean weights were observed on the 
plants sprayed with solutions that were acidic or contained 
high rates of N. Since the bean weights decreased as the mag­
nitude of leaf burn increased, foliar fertilization must have 
interfered with the rate of photosynthesis or the transloca­
tion of storage carbohydrates to the seeds. 
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Egli (1975) suggested that the accumulation of seed weight 
was related to the ability of the plant to fix carbon during 
the seed-filling period. Boote et al. (1978), studying the 
effect of foliar fertilization on photosynthesis of soybeans, 
noted the small increase in photosynthesis was possibly-offset 
by small losses in leaf area due to burning and necrotic spots 
from the fertilizer salts. 
The number of pods and beans per pod were similar in both 
years. Yet the bean yields in 1978 were about 500 kg/ha 
greater than the 1977 yields. Nearly all the yield increase in 
1978 could be related to difference in bean size, as the beans 
in 1978 were about 30% larger than in 1977, The differences 
in bean sizes in these two years were due to factors other 
than foliar fertilization, since the beans on the control plants 
in 1978 were also about 30% larger than their 1977 counterparts. 
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VIII. SUMMARY AND CONCLUSIONS 
In 1977 and 1978, two field experiments were conducted 
to determine what effects foliar fertilizers applied at vari­
ous pH levels would have on the yield of soybeans. The foliar 
fertilizers were applied four times, at approximately weekly 
intervals, beginning at morphological stage R5. The pH of 
the fert i l izer  solut ions were adjusted to 7.2,  5,3 and 2,7 in 
1977 and 3.7 and 5.4 in 1978.  A total  of  approximately 90,  
9, 27 and 4.5 kg/ha of N, P, K and S, respectively, were 
applied to the plots in 1977, In 1978, the amounts of P, K 
and S in the solutions remained the same as 1977; however, 
the total amounts of N were 45, 90 and 135 kg/ha. 
To investigate the effects of the foliar fertilizers on 
soybeans, plant samples were taken several times during the 
reproductive growth period. At each sampling, the plant height, 
number of pods per plant, number of beans per pod and lOO-bean 
weight were measured and recorded for each plant sample. The 
plant samples were separated into leaves, petioles, stems, pods 
and beans. All plant samples were dried, weighed and analyzed 
for percent N, P and K. 
Foliar fertilization did not affect the dry weights of the 
soybean plant parts in 1977 or 1978, The nutrient concentra­
tions of the plant parts were increased by the foliar fer­
tilizer applications. 
Most of the N, P and K in the plants was found in the 
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beans at harvest maturity. About 75 to 80% of the N and P in 
the plants and 55% of the K in the plants were located in the 
beans at maturity. The remaining N, P and K was found in the 
vegetative tissues. 
The foliar fertilizers supplied a total of 90, 9 and 27 
kg/ha of N, P and K, respectively, in 1977. The increased N, 
P and K contents of the total plant parts at maturity in 1977 
were equivalent to 41, 30 and 88% of the total N, P and K 
applied, respectively. The increased N, P and K contents 
in the beans at maturity were equivalent to 23, 8 and 25% of 
the total N, P and K applied, respectively. 
The application of foliar fertilizer increased the N, P 
and K content of the total plant parts and of the beans at 
maturity in 1978. The data below indicate that at maturity 
the additional N, P and K contents of the total plant parts and 
of the beans, expressed as a percentage of the total amount of 
foliar fertilizer applied, decreased as the N rate increased. 
NPK 
N rate (kg/ha) Total plant (%) Beans (%) 
45 58 51 108 56 43 45 
90 22 27 71 16 18 19 
135 15 6 47 10 4 11 
Most of the increased accumulation of N and P occurred in the 
beans, while most of the increased accumulation of K occurred 
in the vegetative parts. 
Soybean plant heights were not influenced by the applica­
tion of foliar fertilizer. In 1977 and 1978, the average plant 
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heights were about 125 and 122 cm, respectively. 
Foliar fertilization did not affect the numbers of pods 
per plant in 1977, as 53, 56, 57 and 52 pods per plant were 
reported for the control and plants foliar-fertilized at pH 
7.2, 5,3 and 2.7, respectively. However, in 1978, foliar 
fertilization significantly increased the number of pods, as 
47, 52 and 53 pods per plant were reported for the control 
and plants foliar-fertilized at pH 3.7 and 5.4, respectively. 
In 1977, lOO-seed weights of 14.1, 12.1, 13.4 and 13.0 
grams were reported for the control and plants foliar-fertilized 
at pH 7.2, 5.3 and 2.7, respectively. These beans were smaller 
than normal and the NPKS solutions caused a significant reduc­
tion in the bean size. Normal-sized beans were produced in 
1978 when beans weighing 19,7, 19.4 and 20,0 grams per 100 
beans were produced on the control, pH 3,7 and pH 5,4 foliar-
fertilized plants, respectively. The pH of the foliar solu­
tions had no influence on bean size in 1978; however, bean 
size decreased as the solution N rate increased. Weights of 
20,5, 19,5 and 19,1 grams per 100 beans were reported when 
the total N in the solutions was 45, 90 and 135 kg/ha, 
r espect ively, 
Numbers of beans per pod were not affected by the applica­
tion of foliar fertilizer or by the pH of the solutions either 
year. The number of beans per pod ranged from 2,09 to 2,39 in 
1977 and 2,18 to 2,40 in 1978, 
Yields of soybeans at maturity were not influenced by the 
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pH of the foliar solutions in 1977, At maturity, the yields 
of soybeans in 1977 were 3577, 3607, 3743 and 3904 kg/ha for 
the control and the plants foliar fertilized at 7.2, 5,3 and 
2.7, respectively. 
The 1978 soybean yields for the control and the plants 
foliar fertilized at pH 3.7 and 5,4 were 4091, 4097 and 4370 
kg/ha. Foliar fertilizer applied to plants at pH 5,4 produced 
about 270 kg/ha more soybeans than plants sprayed with foliar 
fertilizer at pH 3.7, Also, the 1978 bean yields decreased as 
the N rate in the solutions increased. Bean yields of 4430, 
4155 and 4115 kg/ha were reported when the total amount of N 
in the solutions was 45, 90 and 135 kg/ha, respectively. 
Foliar fertilization with NPKS during the seed-filling 
period (R5 to R6.5) did not increase soybean yields in these 
field experiments. Varying the pH of the foliar solution from 
2.7 to 7,2 did not change the effectiveness of the foliar 
fertilizer applications, although slightly more leaf burn re­
sulted from the application of the most acidic solutions. The 
nutrient concentrations of the plant parts at maturity were in­
creased by foliar fertilization; however, these increased 
nutrient concentrations in the vegetative tissues were not 
translocated into yield increases. Obviously, the soybean 
yields in these experiments were limited by something other 
than the N, P and K in the plants available for translocation 
to the beans during the seed-filling period. 
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The average dry weights of the plant parts for the 
foliar treatments at each sampling date, 1977 
Dry -weights of plant parts (kg/ha) 
Leaves Stems Petioles Pods Beans Fallen 
5 August 1977 
2648 2907 1294 1242 332 134 
2838 2989 1276 1233 328 127 
2618 2817 1189 1298 507 111 
2507 2836 1185 1261 474 88 
12 August 1977 
2671 2974 1285 1408 1047 62 
2564 3100 1239 1412 1137 76 
2617 3062 1160 1560 1229 49 
2598 2856 1267 1460 1469 70 
19 August 1977 
2238 2885 1127 1460 2206 60 
2435 3125 1205 1521 2082 56 
2230 3003 1164 1433 2129 76 
2290 2843 1131 1458 2209 60 
30 August 1977 
1812 2804 994 1795 2866 151 
1786 2856 1051 1619 3127 171 
1854 2892 1029 1787 3208 144 
1840 2498 971 1597 3036 157 
16 September 1977 
— 2137 — 851 3577 1783 
- 2224 - 819 3607 1734 
- 1923 - 932 3743 1646 
- 2089 - 964 3904 1542 
Table 42. The average N, P and K concentrations of the plant 
parts for the foliar treatments at each sampling 
date, 1977 
Foliar Leaves Stems Petioles 
trt. %N %P % K % N % T? % K %N %P % K 
5 August 1977 
1 • 5.10 0.32 1.69 1.78 0.14 1.13 1.33 0.13 2.17 
2 5.05 0.33 1.51 1.80 0.16 1.15 1.35 0.13 2.46 
3 4.98 0.33 1.66 1.86 0.17 1.41 1.40 0.13 2.64 
4 5.22 0.32 1.57 1.89 0.15 1.23 1.41 0.12 2.47 
12 August 1977 
1 4.80 0.32 1.38 1.97 0,14 0.98 1.59 0.15 1.94 
2 4.89 0.33 1.49 1.98 0.14 1.10 1.70 0.15 2.26 
3 5.13 0.33 1.47 2.05 0.14 1.24 1.39 0.14 2.10 
4 4.66 0.33 1.59 1.97 0.14 1.23 1.39 0.14 2.32 
19 August 1977 
1 4.38 0.29 1.23 1.57 0.13 0.87 1.39 0.14 1.77 
2 4.58 0.33 1.29 1.58 0.12 1.11 1.45 0.14 1.90 
3 4.68 0.32 1.28 1.52 0.13 1.05 1.40 0.13 2.04 
4 4.37 0.32 1.51 1.68 0.12 1.04 1.36 0.13 1.98 
30 August 1977 
1 3.26 0.24 1.19 1.34 0.10 0.71 1.30 0.12 1.40 
2 3.90 0.33 1.36 1.24 0.10 0.81 1.27 0.12 1.77 
3 4.22 0.34 1.42 1.54 0.11 0.96 1.34 0.13 1.80 
4 3.83 0.29 1.54 1.37 0.10 0.97 1.30 0,12 1.99 
16 September 1977 
1 — — — 0.84 0.06 0.71 — — — 
2 - - - 0,96 0.06 0.78 - - -
3 - - — 0.79 0.05 0.87 - - -
4 - - — 0.87 0.06 0.89 — - -
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Pods Beans Fallen 
% N  % P  % K  % N  % P  % K  % N  % P  %  K  
3.53 
3.57 
3.57 
3.55 
0.37 
0.39 
0.37 
0.40 
2.43 
2.35 
2.49 
2.57 
5.91 
6.15 
6.38 
6.31 
0.56 
0.58 
0.59 
0.58 
2.58 
2.61 
2.65 
2.63 
1.75 
2.02 
1.71 
1.53 
0,12 
0.13 
0.13 
O.lO 
0.79 
0.86 
0.85 
1.03 
2.81 
3.03 
2.90 
2.83 
0.30 
0.33 
0.32 
0.32 
2.08 
2 .26 
2.37 
2.43 
6.18 
6.24 
6.20 
6.32 
0.54 
0.55 
0.54 
0.53 
2.37 
2.41 
2.36 
2.35 
1.58 
2.15 
2.34 
2.13 
0.14 
0.16 
0.17 
0.17 
1.06 
1.18 
1.19 
1.16 
2.17 
2.53 
2.51 
2.27 
0.25 
0.29 
0.29 
0.26 
2.08 
2.32 
2.53 
2.36 
6.04 
6.25 
6.24 
6.16 
0.51 
0.54 
0.54 
0.52 
2.10 
2.19 
2.19 
2.15 
1.85 
1.75 
1.55 
1.80 
0.15 
0.15 
0.15 
0.17 
1.00 
0.95 
0.87 
1.00 
2.02 
2.04 
1.79 
2.07 
0.22 
0.23 
0.20 
0.22 
2.05 
2.50 
2.35 
2.39 
6.09 
6.38 
6.42 
6.48 
0.50 
0.51 
0.52 
0.51 
1.97 
2.00 
1.98 
1.99 
2.20 
2.30 
2.02 
2.39 
0.16 
0.19 
0.18 
0.23 
0.96 
1.09 
1.10 
1.24 
1.34 
1.45 
1.14 
1.14 
0.09 
0.11 
0.09 
0.08 
2.21 
2.33 
2.47 
2.64 
6.60 
6.86 
6.79 
6.88 
0.61 
0.60 
0.60 
0.61 
2.05 
2.08 
2.09 
2.20 
2.10 
2.23 
2.52 
2.40 
0.16 
0.19 
0.21 
0.22 
0.57 
0.65 
0.82 
0,86 
e 
.i: 
•tj 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
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The average plant height, number of pods per plant, 
lOO-seed weight and number of beans per pod for 
the foliar treatments at each sampling date, 1977 
Plant 
height Pods per lOO-seed Beans 
(cm) plant weight per pod 
5 August 1977 
127,0 62.5 
125.8 6403 
126.5 75.8 
127.8 64.5 
12 August 1977 
127.5 56.5 
125.0 63.3 
128.3 66.0 
126.0 54.0 
19 August 1977 
127.3 57.3 
129.5 67.3 
128.3 57.5 
124.5 55.3 
30 August 1977 
127.3 50.8 
124.5 48.0 
124.5 50.5 
124.3 48.5 
16 September 1977 
118.8 41.8 14.08 2.08 
119.8 46.0 12.13 2.13 
118.0 52.0 13.35 2.24 
114.3 49.5 13.00 2.33 
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Table 44. The average dry weights of the plant parts for the 
foliar treatments at each sampling date, 1978 
Foliar Date of s^plipg 
treatment 8/8 8/12 8/22 8/29 9/13 10/6 
(kg/ha) 
Leaves 
1 2274 2198 2022 1834 666 -
2 2171 1978 2053 1920 609 -
3 2240 2067 1957 1805 675 -
4 2135 2118 2181 1783 860 -
5 2208 1987 2075 1757 913 -
6 2331 2237 2270 1766 821 
7 2268 2014 1862 1682 960 -
Stems 
1 2370 2677 2454 2383 2456 2052 
2 2318 2421 2470 2530 2408 1886 
3 2351 2577 2686 2431 2149 2055 
4 2261 2579 2692 2354 2360 2062 
5 2353 2534 2902 2391 2494 2076 
6 2581 2612 2780 2368 2543 2333 
7 2551 2635 2377 2361 2324 2032 
Petioles 
1 1162 1131 999 923 680 — 
2 1060 923 973 927 619 -
3 1109 992 962 893 533 -
4 1100 981 1039 934 679 -
5 1071 953 1118 857 695 -
6 1178 1024 973 880 637 -
7 1093 1034 925 814 682 — 
Pods 
1 570 1161 1332 1299 1702 1296 
2 604 1344 1426 1430 1593 1331 
3 571 1325 1346 1630 1497 1272 
4 619 1470 1451 1383 1549 1293 
5 679 1457 1434 1343 1622 1373 
6 566 1458 1321 1365 1542 1284 
7 579 1466 1360 1467 1551 1385 
i 
.ti 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
10/6 
1080 
1064 
758 
1038 
1135 
1166 
965 
4091 
4328 
4014 
3948 
4535 
4294 
4283 
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(Continued) 
Date of sampling 
8/8 8/12 8/22 8/29 9/13 
(kg/ha) 
Fallen 
334 106 119 85 542 
388 93 162 126 520 
274 236 138 131 419 
276 167 156 145 391 
336 135 138 106 3 82 
424 119 187 96 469 
319 174 174 88 369 
Beans 
— — 1040 1584 4776 
- - 982 2261 4727 
- - 1088 1758 4370 
- - 902 1994 4321 
- - 968 2193 4309 
- - 950 1956 4523 
- - 1147 2206 4507 
Table 45, The average N, P and K concentrations of the plant 
parts for the foliar treatments at each sampling 
date, 1978 
Poliar Leaves Stems Petioles 
t r t .  % N  % P  % K  % N  % P  % K  % N  % P  %  K  
8 Auaust 1978 
1 5.46 0.40 1.53 1.50 0.22 1.68 1.21 0.22 3.07 
2 5.41 0.46 1.62 1.63 0.26 1.93 1.18 0.23 2.70 
3 5.35 0.40 1.78 1.46 0.25 2.12 1.15 0.23 3.16 
4 5.44 0.39 1.58 1.39 0.22 1.77 1.21 0.22 2.70 
5 5.10 0.39 1.80 1.50 0.25 2.03 1.21 0.22 2.93 
6 5.20 0.41 1.79 1.48 0.25 2.19 1.37 0.26 3.24 
7 5.20 0.39 1.79 1.48 0.24 2.07 1.21 0.19 2.47 
15 Auaust 1978 
1 5.39 0.35 1.38 1.58 0.22 1.55 1.13 0.20 2.17 
2 5.59 0.40 1.36 1.69 0.24 1.66 1.22 0.23 2.35 
3 5.62 0.38 1.60 1.83 0.25 1.71 1.30 0.23 2.62 
4 5.53 0.39 1.63 1.74 0.27 1.83 1.39 0.22 2.35 
5 5.55 0.39 1.65 1.70 0.27 2.11 1.22 0.24 2.96 
6 5.70 0.39 1.55 1.69 0.25 1.88 1.22 0,24 2.64 
7 5.77 0.39 1.53 1.77 0.22 1.80 1.30 0.21 2.51 
22 Auaust 1978 
1 5.07 0.34 1.25 1.40 0.18 1.15 1.05 0.18 1.80 
2 5.41 0.39 1.43 1.65 0.23 1.41 1.30 0.23 2.18 
3 5.16 0.38 1.73 1.64 0.22 1.71 1.28 0.23 2.72 
4 5.51 0.40 1.41 1.65 0.21 1.41 1.29 0.20 2.24 
5 5.31 0.38 1.69 1.59 0.23 1.76 1.21 0.23 2.64 
6 5.34 0.39 1.93 1.68 0.23 1.72 1.39 0.24 2.93 
7 5.53 0.38 1.75 1.57 0.23 1.75 1.24 0.22 2.75 
30 Auaust 1978 
1 4.47 0.31 1.31 1.42 0.19 1.37 1.13 0.21 1.90 
2 4.43 0.33 1.35 1.34 0.20 1.32 1.04 0.21 1.90 
3 4.57 0.34 1.46 1.36 0.19 1.31 1.20 0.19 2.07 
4 5.09 0.39 1.37 1.60 0.21 1.38 1.28 0.19 1.92 
5 4.70 0.36 1.65 1.26 0.24 1.67 1.04 0.25 2.37 
6 4.81 0.35 1.48 1.30 0.24 1.73 1.10 0.24 2.52 
7 5.12 0.38 1.53 1.34 0.20 1.59 1.23 0.20 2.35 
Pods 
% N % F % K 
Beans 
% N % P % K 
Fallen 
% N % P % K 
3.62 0.47 2.63 - - - 1.61 0.11 1.14 
3.82 0.50 2.87 - - - 1.72 0.13 1.18 
3.67 0.48 2.90 - - - 1.77 0.13 1.18 
3.80 0,50 2.79 - - - 1.82 0.16 1.25 
3.69 0.50 2.91 - - - 1.87 0.18 1.77 
3.81 0.52 2.84 - - - 1.82 0.16 1.41 
3.83 0.51 2.88 
" " " 
1.80 0.15 1.47 
4.06 0.43 2.38 _ 1.77 0.16 1.66 
3.93 0.44 2.58 - - - 2.45 0.26 2.02 
4.01 0.44 2.65 - - - 2.01 0.19 1.76 
4.04 0.45 2.55 - - - 2.21 0,20 1.71 
4.20 0.47 2.80 - - - 2.10 0,22 2.26 
4.35 0.48 2.70 - - - 2.39 0.25 2.07 
4.38 0.46 2.66 
" 
2.40 0.23 2.01 
2.60 0.30 2.13 6.76 0.59 2.43 1.86 0.19 1.03 
2.93 0.37 2.44 6.86 0.61 2.40 2.20 0.27 1.22 
3.06 0.35 2.49 6.90 0.60 2.32 2.22 0.29 1.27 
3.32 0.36 2.23 7.17 0.62 2.39 2.11 0.28 1.36 
3.21 0.36 2.62 6.95 0.62 2.58 2.01 0.28 1.43 
3.16 0.34 2.52 6.93 0.61 2.45 2.05 0.29 1.28 
3.02 0.35 2.69 6.94 0.59 2.47 2.31 0.31 1.32 
1.94 0.29 2.40 6.85 0.56 2.17 2.22 0.25 1.29 
1.91 0.25 2.58 6.88 0.56 2.17 2.53 0.33 1.20 
2.34 0.28 2.44 7.24 0.56 2.20 2.39 0.32 1.32 
2.15 0.26 2.42 7.14 0.57 2.19 2.56 0.28 1.05 
2.12 0.27 2.79 6.94 0.59 2.22 2.07 0.27 1.28 
2.11 0.28 2.82 6.97 0.58 2.21 2.63 0.33 1.41 
2.04 0.26 2.68 7.11 0.56 2.20 2.65 0.30 1.25 
Table 45, (Continued) 
Leaves Stems Foliar — 
trt. % N %P %K %N %P % K 
Petioles 
% N % P % K 
13 September 1978 
1 2.06 0.19 0.67 0.42 0.07 0.61 0.53 0.13 0.91 
2 2.34 0.23 1.46 0.49 0.09 0.76 0.63 0.14 1.22 
3 2.46 0.25 1.08 0.44 0.06 0.85 0.60 0.11 1.40 
4 2.65 0.25 0.96 0.48 0.06 0.80 0.64 0.10 1.21 
5 2.57 0.26 1.45 0.62 0.15 1.18 0.76 0.19 2.07 
6 2.64 0.27 1.75 0.55 0.13 1.23 0,78 0.14 2.02 
7 2.49 0.25 1.58 0.48 0.05 0.93 0.72 0.12 1.74 
6 October 1978 
1 — - - 0.43 0.06 0.53 — - — 
2 - - - 0.43 0.07 0.65 - - -
3 - - - 0.51 0.06 0.69 - - -
4 - - - 0.56 0.06 0.73 - - -
5 - - - 0.55 0.10 0.92 - - -
6 - - - 0.55 0.07 0.80 - - -
7 - - - 0.55 0.06 0.74 - - -
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Pods Stems Fallen 
% N  % P  % K  % N  % P  % K  % N  % P  %  K  
0.80 0.09 2.03 6.38 0.60 1.99 1.81 0.17 1.31 
0.90 0.11 2.35 6.54 0.59 1.98 1.88 0.27 1.58 
0.86 0.09 2.30 6.62 0.58 2.01 2.19 0.30 1.73 
1.08 0.11 2.17 6.91 0.58 2.03 2.61 0.33 1.79 
1.16 0.15 2.70 6.57 0.62 2.05 2.10 0.31 1.92 
1.25 0.13 2.57 6.70 0.61 2.04 2.26 0.32 1.81 
0.90 0.11 2.48 6.90 0.57 2.03 2.51 0.34 1.93 
0.74 0.07 1.94 6.49 0.58 2.03 1.44 0.17 0.66 
0.65 0.08 2.47 6o51 0.62 2.18 1.46 0.19 0.70 
0.81 0.09 2.40 6.64 0.61 2.17 1.73 0.20 0.70 
0.84 0.08 2.20 6.67 0.60 2.12 1.80 0.20 0.70 
0.74 0.07 2.82 6.61 0.62 2.14 1.43 0.20 0.77 
0.97 0.08 2.60 6.83 0.61 2.08 1.69 0.21 0.84 
0.79 0.05 2.32 6.90 0.57 2.06 1.84 0.20 0.74 
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Table 46. The average plant height, number of pods per plant, 
lOO-bean weight and number of beans per pod for 
the foliar treatments at all sampling dates, 1978 
treat^ of sampling 
ment 8/8 8/12 8/22 8/29 9/13 10/6 10/6 
. lOO-bean 
Plant height (cm) weight 
1 119 122 121 122 125 121 19.7 
2 117 126 122 121 123 121 20.2 
3 120 123 119 121 124 118 19.0 
4 119 127 123 123 125 122 18.9 
5 122 125 123 121 127 121 20.8 
6 123 122 126 120 129 122 19.9 
7 122 121 118 123 125 123 19.4 
Beans 
Pods per Plant per pod 
1 41 47 46 45 50 55 2.37 
2 44 62 56 50 51 53 2.36 
3 41 53 47 50 53 48 2.29 
4 43 57 53 54 51 48 2.36 
5 47 53 53 65 50 47 2.38 
6 41 60 52 54 50 47 2.18 
7 43 56 53 58 50 50 2,40 
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Table 47. Soybean yields in 1977 and 1978 
Foliar treatments 
NPKS at different pH's 
Rep None 7.2 5.3 2.7 
1977 . (ka/ha) 
1 3727 3714 3300 3391 
2 3482 3779 3980 3531 
3 3760 3757 3328 4134 
4 3338 3178 4364 4562 
Mean 3577 3607 3743 3904 
Nitroaen rates 
DH 3.7 dH 5.4 
Rep None 11 22 33 11 22 33 
1978 (ka/ha) 
1 4043 4768 4309 3793 4821 4738 4170 
2 3986 4455 3860 3992 4424 4084 4544 
3 4243 3762 3876 4059 4359 4060 4133 
Mean 4091 4328 4015 3948 4535 4294 4293 

